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PREFACE TO VOL. III., PART III. 

This part of the work commences the consideration of the 
complicated but most important series of bodies known as 
the Aromatic Compounds. 

It contains, after an introduction, a description of the mode 
of formation, and of the properties, of the Aromatic Hydro- 
carbons and their derivatives, together with an historical 
discussion of their isomeric modificatfenil' \'Ehe cj>nstttutioii 
of Benzene and the characteristic reactions'of its'di-substitutibii 
products are then fully explained. Nex^foltv^^^a i^yjew of 
all the important Benzene Derivatives, :S0:tiia3bJh^ part -iiow 
published forms a complete chapter of ' thti ever-increasmg 
volume of Aromatic Chemistry. 

H. K. K. 

c. s. 
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A TREATISE ON CHEMISTRY. 



OEGANIO OHEMISTEY, 

OB THE CHEUISTBY OF THE HTDROOARBONS AND THEIR 

DERIVATIVES. 



PART IIL 

AROMATIC COMPOUNDS, OR COMPOUNDS RICH 

IN CARBON. 

914 In the early years of our Science, the name '' aromatic 
compounds " was given to a small group of naturally occurring 
bodies possessing an aromatic smell and taste. For in those days 
almost all chemical compounds were classed aeconling U> certain 
well-marked physical properties; and even now the fiages of rnir 
manuals contain chapters on ** colouring matters,'' '' bitter jirin- 
ciples," &c. There we find descriptions of substances jtfpmf^minff 
an unknown constitution, and, thereff^re, incapable of any more 
qrstematic classification, to which Gerfaarrlt gave tlie title (4 
c()rp$ a mrier. Thanks, however, to the {^ogress of r>Tir sci^^ir^, 
this " chemical lumber-room" is mjirllj being cleare/1 rmi, aii^l 
in time it will doubtless be fatnA empty, 

A similar sifting process has been going 00 with re^i^;/;t t// iit*z 
aromatic compomnds. It was soon percieived that, in tt/Wiiuftt t/r 
certain analogies in their oatwari pro|ienies, mf,h m jrr/i^;il an/J 
taste, these bodies are coimected by mtmat^, f:h^fn/Jil ti^. 
The first step towards th« recognition was effef^^-zl J/yr Li^(/ig 
and WofaI»' in ISSt by the pnblicati/^^i of tr»/r,f f.Umujtl 
research " On the Badical of Beniioi/t A/n^l ' * Ir» t>»^, intr/^ 
ducQOQ to iher memoir they rfmsak : '■* ^e uysnj A/yrK^af^JafA 
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ourselves if we succeed in clearing a narrow path through the 
dark domain of organic nature, which may perhaps lead to the 
recognition of the true method of surveying and examining 
this unknown district, although we are well aware of its illimit- 
able extent. Nor indeed can we here reasonably expect at first 
to arrive at any very profound or wide generalisations, owing to 
the absence of previous investigations, as well as the difficulty of 
obtaining the necessary materials. Under these circumstances 
the experiments which are described in the sequel must be re- 
garded, as far as their extent and connection with other branches 
of investigation are concerned, only as the opening out of a wide 
and fruitful field for future research." 

This wide field embraces the whole of the aromatic com- 
pounds, and it has proved to be even more fruitful than 
Liebig and Wohler could have even dreamed. Their first ob- 
servation was that oil of bitter almonds is distinguished from 
all similar compounds by its power, first noticed by Stange, of 
absorbing oxygen, and of being converted into benzoic acid — a 
compound known so long ago as the seventeenth century, and 
prepared from the aromatic gum benzoin. The two chemists 
then showed that both these compounds contain the same radical, 
benzoyl, C7H5O, that the oil of bitter almonds must be regarded as 
benzoyl hydride, C^HgO, which on oxidation passes into benzoic 
acid, CyH^Oj. By replacing an atom of hydrogen in benzoyl 
hydride, by the elements of the chlorine group, by cyanogen, 
or by sulphur, other compounds of this same radical are 
obtained. 

Mitscherlich prepared the hydrocarbon, C^Hg, by distilling 
benzoic acid with slaked lime, it being formed by the separation 
of carbon dioxide from benzoic acid, and to this body he gave 
the name of benzin, which was altered by Liebig to benzol, but 
which in England is now usually written benzene. Mitscherlich 
also found that this hydrocarbon is converted by the action of 
nitric acid into nitrobenzene, C^HgNOg. Zinin next showed 
that the oxygen in this body can be replaced by hydrogen, and 
that thus a basic oil is obtained which was soon proved to be 
identical with aniline, a compound which Fritsche had previously 
obtained by distilling indigo with caustic potash. The Russian 
chemist had also observed that indigo when treated with caustic 
potash yields an acid termed anthranilic acid, CyH^NOg, and 
that this is decomposed on distillation into carbon dioxide and 
aniline. 
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Gerhard t afterwards noticed that when nitrous acid acts 
upon anthranilic acid, this latter is converted into salicylic 
acid, CjHgOj, a body first obtained from the ethereal oil of 
Spircea Ulmaria, together with salicyl hydride, C^HgOj. These 
two compounds stand in the same relation to one another as 
benzoyl hydride does to benzoic acid ; just as the latter is 
converted into benzene by the separation of carbon dioxide, so 
from salicylic acid, carbolic acid, C^HgO, is obtained. This latter 
substance is also found in coal-tar, together with benzene and 
toluene, C^Hg, a body whose name is derived from the fact that 
it was first obtained by distilling the aromatic balsam of tolu. 
This compound closely resembles benzene ; thus, by the action 
of nitric acid it is converted into nitrotoluerie, and from this 
the base toluidine can readily be prepared. These investigations 
proved that an intimate relation exists between the two series 
of compounds, containing respectively six and seven atoms of 
carbon: — 



Benzene. 


Nitrobenzene. 


Aniline. 


Carbolic Acid. 


CeHg. 


CgHsNOj. 


C,H,N. 


CAO. 


Tolaene. 


Nitrotolnene. 


Toluidine. 


.1. 


CyHg. 


C^HyNOj. 


C,H,N. 




Benzoyl 








Hydride. 


— 


— 


Salicyl Hydride. 


C,iifi. 






C,HeOp 


Benzoic Acid. 


... 


m^ 


Salicylic Acid. 


CjHfir 






^7^6^8- 



In course of time the existence of many similar groups was 
discovered, and to all these the general title of "aromatic 
compounds " was given, although among them many are found 
which either possess no smell, or whose odour is anything but 
aromatic. The designation of aromatic is applied in the same 
sense as that of " fatty bodies," in which we now class almost 
all the organic substances not belonging to the aromatic series. 
(R. Meyer.) 

It was at first difficult to find a sharp distinction between 
aromatic compounds and other groups, as many bodies were known 
which, according to their products of decomposition as well as 
their mode of combination, may equally well be placed either in 
the one or in the other division. Thus it came about that many 
compounds which, clearly belong to the aromatic group were not 
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classed under this head. On the other hand, however, the 
fact was not then recognised that bodies properly classed as 
aromatic could yield compounds belonging either to the group 
of fatty bodies, or to that of bodies containing less hydrogen. 
Nor was it understood that the reverse action could take place. 
(Kekul6.) 

915 KekuU*8 Theory of the Constitution of Aromatic Bodies, — 
No expression of opinion is to be found respecting the constitu- 
tion of the aromatic compounds until Kekule proposed a theory 
which shed an unexpected light on these hitherto neglected 
bodies.^ The eflfect of the general recognition of the truth of 
Kekule's theory has been that this special field of organic 
chemistry has since been, and still is, most industriously cultivated, 
perhaps to the undeserved neglect of other branches. 

In justification, however, it must be remembered that the 
study of the aromatic compounds is full of practical interest, 
inasmuch as not only all the natural, but also all the artificial 
colouring matters, as well as the most valuable medicines and 
most potent poisons, belong to this class of bodies. 

Kekule's views are best given in bis own words : " If we wish 
to fonn an idea of the constitution of the aromatic compounds 
we are bound to explain the following facts : — (1st) Even the 
simplest of aromatic compounds are comparatively richer in 
icarbon than the compounds belonging to the fatty group ; (2nd) 
Amongst the aromatic compounds as well as amongst the fatty 
bodies a large number of homologous substances exist ; (3rd) 
The simplest aromatic compounds contain at least six atoms of 
carbon ; (4th) All the derivatives of these substances exhibit a 
certain family resemblance, they all belong to the group of 
aromatic compounds. In cases where a more destructive reaction 
occurs, a portion of the carbon of the original compound may be 
eliminated, but tlie chief product invariably contains at least 
six atoms of carbon, and the decomposition stops with the 
formation of this product, unless, indeed, the aromatic group is 
completely destroyed. These facts justify the supposition that 
one and the same group of atoms occurs in all the aromatic 
compounds, or that they all contain a common nucleus of six 
atoms of carbon. In these bodies some of the carbon atoms are 
in more intimate connection than others, hence it follows that 
all aromatic compounds are proportionately rich in carbon. 
Other atoms of carbon may attach themselves to this nucleus 

1 Bull. Soc, Chim, 1865, 1, 98. 
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in the same way, and according to the same laws, as is the case 
in the group of fatty bodies, and in this way the existence of 
homologous compounds is readily explained." ^ 

According to Kekul^, the six atoms of cai'bon in the aromatic 
nucleus are alternately connected by one and by two combining 
units to form a closed ring, as shown in the following grapliic 
formula : — 



..'•N y 






916 Uayflanation of Isomerisfin in the Aromatic Group. — If 
the six free combining units of the nucleus are saturated with 
hydrogen, the simplest aromatic compound, viz., benzene, C^Hg, 
is formed. From this all the other aromatic compounds 
may be derived by the same processes as the fatty bodies are 
derived from methane. Hence, benzene may be regarded as the 
marsh gas of the aromatic series, and this series is defined as 
group of the benzene derivatives. Kekul^'s formula not only 
explains the above-named facts, but also the following, which 
will be mentioned in detail in the sequel : 

(1) In the case of the mono-substitution products of benzene 
no case of isomerism occurs, as all the six atoms of hydrogen of 
this hydrocarbon are of equal value, and, therefore, indis- 
tinguishable one from the other. 

(2) If two atoms of hydrogen be replaced by elements or radicals, 
termed " side chains," three isomeric compounds may be formed 
whether the entering element or side chain be identical or 
different, and this conclusion is borne out by experiment. 
This isomerism is due to the fact that the bodies replacing 
hydrogen take up different positions in the benzene ring. If 
we represent benzene by a hexagon, at each of whose angles a 
carbon atom is placed, and number these 1 to 6, it is clear that 
three different dibromobenzenes, CgH^Brg, or nitrobromobenzenes, 

' Kekule, Lehrhueh, ii. 195. 
207 
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C9H^(N02)Br, can exist in which bromine or nitroxyl takes the 
following positions :— * 



6 




Br 
Br 
Br 



= 1 
= 1 
= 1 




Br 

Br 

Br 

Br : NO, = 1 

Br : NO, = 1 

Br : NO, = 1 



2 
3 
4 
2 
3 
4 



Every other position is identical with one of the above ; 
hence, these may be distinguished as adjacent, alternate, and 
opposite. Tri-substitution products of benzene containing 
identical elements or side chains can also occur, but only in 

three modifications : — 

1:2:3 
1:2:4 
1:3:5 

These are distinguished as adjacent, asymmetrical, and sym- 
metrical It is also clear that if four atoms of hydrogen are 
replaced by some element or radical three isomeric compounds 
can also occur. 

Supposing, however, that the entering elements or^ radicals 
are not identical, it is plain that the number of isomeric bodies 
will be increased; thus, for example, we are acquainted with 
six nitrodibromobenzenes, CgH3(N0,)Br,, in which, if the 
nitroxyl occupies position 1, the bromine atoms may occupy the 
following positions : — 



1 
1 
1 
1 
1 
1 



2 
2 
2 
2 
3 
3 



3 
4 
5 
6 
4 
5 



Supposing, again, that all the three, or even more, elements 
or side chains are different, we see that the number of possible 
isomerides will of course be larger. 

917 Characteristic Properties of Aromatic Bodies, — By the 
action of chlorine and bromine on benzene, substitution pro- 
ducts are formed, but under certain conditions additive products 
may also be produced, inasmuch as benzene combines with 
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two, four, or six atoms of tlm halogen, but not with more. In 
support of Mb theory KekuU adds ; " Some few cliemiats incline 
to the view that benzene and hydrocarbona homologous with it 
are derived from hydrocarbons belonging to the class of fatty 
bodies by simple loss of hydrogen, and the consequent more 
intimate imion of the carbon atoms. I do not share this view, 
but rather believe that the hydrocarbons of the family CjH,, 
prepared from C,H,j by subtraction of hydrogen, will turn out 
to be only isomeric, and not identical with benzene." Such a 
hydrocarbon is in fact now known, and it is termed dipropinyl, 
CH = C.CH,.CHrC = OH. (See vol. iii. Part II. p, 406.) 
This compound combines energetically with bromine to form a 
tetrabiomide, CgH^Brj, and on warming with bromine it yields an 
octobromide, CgH^Brg. On the other band, its iaomcride benzene 
exhibits totally diEFerent reactions, inasmuch as it combines with 
bromine and chlorine only slowly, and moreover is incapable of 
taking up more than six atoms. The formation of this additive 
product is quite analogous to that of ethylene dibromide from 
ethylene : aa in this instance so in the case of benzene, the 
double linkage of the carbon atoms is reaoh'cd into a single 
linkage, but the closed ring form remains unaltered. By acting 
on ethylene dibromide with alkalis, bromethyleno is formed, 
and in like manner benzene he xbromide is converted into 
tribrom obenzene. 

The substitution products of benzene react quite differ- 
ently from those of the paraffins. By the action of chlorine, 
monochlorobenzene, C^HjCl, is formed, and this was formerly 
supposed to be the chloride of a monovalent alcohol radical and 
termed phenyl chloride. It does not, however, exhibit any of 
the properties of an alcohoUc chloride, inasmuch as it holds its 
chlorine in a much more retentive form, and is not attacked 
when heated with caustic potash, silver salts, ammonia, &c. 

The action of concentrated nitric acid serves aa another 
characteristic test for the aromatic compounds, as these readily 
form nitro-compounds, bodies which in the fatty series are only 
obtained by indirect processes ; thus benzene yields nitrobenzene, 
CgHgNO^ this passes easily by reduction into aniline, C^HgNHj, 
a body which was formerly called phenylamine, but now termed 
amidobenzene ; for, although in some respects it possesses 
aoalpgies with the compound ammonias, it differs widely from 
them in other respects, especially in not possessing any am- 
mooiacal smell and hanng a perfectly neutral reaction. 
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AROMATIC HYDROCARBON Su 

918 The homoLDgaes of faeniieiie are focmed bj the Ti^>lacement 
of bjfirogen by an akohol radical, such as methjL ethyl, propvU 
kc, : tbe compoaD*i5 thus obtained act on the one hand as aromatic, 
and on the other, as fatty budi€& When the hydrogen nucleus 
in metbylbenzene or toluene. C^^CH^ is replaced by chlmne, 
hydroxyl or nitroxyU bodies are f<vmed which exhibit the 
closest similarity to the corresponding benzene derivativesL If, 
however, the replacement takes place in the methyl group, 
ctmtjf^jnn^h of the alcohol radical, phenylmethyl or benzvl are 
proflucf^fl, 5njch as benzyl chloride, C^Hj.CHjCl, a body which is 
converted by the action of ammonia into strongly alkaline 
benzylamine ; similarly, the same body can be converted by 
oxidation into benzoyl hydride and benzoic acid Thus the two 
following series are obtained : — 

Tolaene, Methylbenzene or PhenylmetliAne. 
MonochlorotolaeDCL Benzvl Chloride. 

CgH^Cl,CHj. CgH^CHjCL 

Tolaidine or Amidotolaenc. BenzjluniiM. 

C,H,(NH^CH,. C,H,.CH,NH, 
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Cresol 01 Oz^lnene. Benzyl AlcohoL 

CeH^(OH)CH,. CeHj,CH^OH. 

NitrocresoL Benzyl Nitrate. 

C,H,(NOj)(OH)CHy C,H5.CHjO.NOy 

— Benzaldehyde. 

CgHg.COH. 

— Benzoic Acid. 

CgHj.CO.OH. 

Here we find several diflFerent isomeric compounds, but their 
number is really still greater, for each mono-substitution product 
of toluene exists in three isomeric forms. 

Moreover, substitution can take place at the same time in the 
aromatic nucleus and in the alcohol radical, whereby bodies are 
obtained which act both as aromatic substitution-products and 
as compounds of alcohol radicals. Such a body is chlorobenzyl 
chloride, CgH^Cl.CH2Cl, and this can be easily converted into 
chlorobenzylamine, chlorobenzyl alcohol, &c. 

Moreover, not only one atom of hydrogen in benzene can be 
substituted by an alcohol radical, but all six can be consecutively 
substituted. If this take place with methyl, a series of 
homologous bodies is obtained whose members are isomeric with 
corresponding ones of the first series, thus : — 

Benzene . . . C^H^ 

Methylbenzene . CgHg.CHg 
Ethylbenzene . CgHg.CjHg Dimethylbenzene . CgH^(CH3)j. 
Propylbenzene. CgHg.CgHy Trimethylbenzene . CgH3(CH3)5. 
Butylbenzene . CgH^.C^H^ Tetramethylbenzene . C^HjCCH^^. 
Pentylbenzene. CgHg.CgHji Pentamethylbenzene . CgH(CH3)5. 
Hexylbenzene . CgHg.CgHjj Hexmethylbenzene . Cg(CH3)g. 

Here we find two kinds of homologous bodies, those of the 
first series depend on the lengthening of the side chain, and the 
number of its members is only limited by the number of alcohol 
radicals which is known, whilst the homology of the second series 
depends upon an increase in the number of side chains, so that 
here hexmethylbenzene is the last member of the series. 

The members of the first of these series of hydrocarbons 
beginning with the second term occur in isomeric forms 
dependent upon the isomerism of the radicals ; thus we know 
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of a normal propylbenzene and an isopropylbenzene, CgH^.CH 
(CHj)^, &c. In the second series the isomeric forms, as has been 
explained, commence with the first term and end with the last 
but one. 

It is clear that two and more atoms of hydrogen in benzene 
can be replaced by alcohol radicals homologous with methyl 
These may be either the same or different, and this gives rise 
to a number of isomeric bodies. 

In all these hydrocarbons the hydrogen in the aromatic 
nucleus, as well as that in the side chain, can again be replaced, 
and from this it will be seen that the number of benzene 
derivatives may be extremely large, and the possibility of a 
further increase is evident when we remember that the hydrogen 
of the benzene is not merely capable of replacement by a monad 
alcohol radical, CnHtni-i, but also by groups containing less 
hydrogen. Thus for example we are acquainted with the 
following hydrocarbons : 

Styrolene or phenylethylene . . . C^jHg.CHziiCHy 
Allylbenzene or phenylpropylene . CgHg.CHziiCH.CHj. 
Crotonylbenzene or phenylbutylene CeH5.CHjj.CHjj.CHJzzCH2. 

And derivatives of these, such as : 

Cinnamic alcohol or phenylallyl alcohol, CgH5.CHzzCH.CH2.OH. 
Cinnamic aldehyde or phenylacrylaldehyde,CgH5.CHzzCH.C0H. 
Cinnamic acid or phenylacrylic acid, CgHg.CHzzCH.CO.OH, 
Hydroxyphenylpropylene, CeH^(OH)CHz=CH.CHj. 

These compounds exhibit the general properties of the 
defines or of the compounds of the allyl series ; they unite 
with hydrogen, the elements of the chlorine group and their 
hydracids, &c., forming saturated compounds. 

The number of side chains which are contained in an aromatic 
hydrocarbon, or in its derivatives obtained by substitution in the 
side chains, may easily be ascertained by oxidation with chromic 
acid solution. If only one side chain be present as in toluene, 
ethylbenzene, propylbenzene, amylbenzene, phenylethylene or cin- 
namic alcohol, &c., the monobasic benzoic acid is produced. The 
constitution of the side chain in such hydrocarbons may also be 
ascertained in the same way ; thus amylbenzene, CgH5.CH2.CH2. 
CH(CH3)2, in addition to benzoic acid, yields isobutyric acid.^ 

* Popow and Zincke, Ber. Deutsoh. Chem. Oea, v. 384. 
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If two side chains be present, one of the three phtbalic acids or 
benzenedicarbosylic acids, CbHj(C0jH)5, is formed, and if three 
such side chains he present a tribaaic benzenetricar boxy lie acid, 
C,Hj(COjH)^ is formed. All the carbosylic acids of benzene 
yield, when distilled with slaked lime, carbon dioxide and benzene. 

When dilute nitric acid or potaasium permanganate is employed 
as the oxidizing agent, only one aide chain Is at first oxidized to 
carboxyl, and, if these side chains are dift'erent, the longest of 
them is attacked first. The dimethylbenzenes, CjH,(CHj)y 

ethylmethylbenzenea, C^K^ "] p h • ^'"^ propylmethylbenzenes, 

CgH, ■{ f > jl 1 yield monobasic toluic acids, C^H, i pQ^rj. and, of 

the last class, that which contains normal propyl yields in 
addition acetic acid.^ One trimethjlbenzene, CgHj(CH()3, treated 

in a similar way, first yields a monobasic acid, CgH, i r'^W' 
and then a dibasic acid, C^Hg j .pp.* ,!■, ; the first of these yields 

dimethylbenzene when distilled with lime, and the second, like the 
toluic acids, yields toluene. In certain cases it has been observed 
that when the oxidation is carried on very slowly, a long side 
chain is not at once oxidized to carboxyl, but that intermediate 
products are formed ; thus, for example, by oxidizing ethyl- 
benzene, CoHsCHjCH,, some methylphenylketone, CaHj.CO.CH3, 
is obtained,' whilst from triethylbenzene, C^Sff^C^^lg, together 
with trimesitic acid, CgHg^CO^H),, the tribasic isophthalacetic 

acid. CjHj, •< qtt *(->o' H' '^ olitained.* 

gig Formation of Aromatic Hydrocarbons. — In addition to 
the above-mentioned mode of formation from the aoids, a large 
number of the hydrocarbons can be obtained by simple synthesis, 
as is the case with parafBnd, and by this means their constitution 
can be ascertained. 

1st. A mixture of a brominated hydrocarbon and the iodide 
or bromide of an alcohol radical is treated with sodium thus : * — 

CflH.Br + CH3I + 2Na = C^H^CHj + NaEr + Nal. 

C,H,Br.CHg + CjHjBr + 2Na = C^H, 1 ^^ -f- 2NaBr. 

CjH.Brj + 2CH,I -f- 4Na = C^H, (CH,)j + 2NaBr + SNaL 

' Dittwar »nd KekuW, Ann. Chent. Pkarm. rliij. 337. 

» BahUon, B«/l. Soc Chim. mii. 815. • Ibid. xxxU. 625. 

* Fittig and ToUenH, Ann. Chem. Fkam. cxxil. 303. 
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T&os. if mrrthvl cLI«:^ie be p&a^ uip>::^ & rr^itare of 
ahuTjiiii'ua. cil-^rAe aai bexkxei^e zh-r chi^i f r-.«i:i-r: is duncoe or 
tetr^m^hirii^iiZKitr:^ whilst faT-irjCEl-i-rio ^-i is eT :lTeii_i 

Tohirife: xnAZ^i in like maon-rf vir^is dimrthvlbenzjzie. 
trimethvlbeiizezie, tcrtramethyibenzene. pen^Amr^vIs^rnzene and 
bfexmetfavil^nzene.* If ethrlene be passei iLr:-u^h a heated 
mixtare of aluminiom chl*:«ide az^ benzene, eihvlbenzene, 
diethylbenzene and tziethyibenzene are lorai'ed.^ The part 
vhicfa aluminiom chloride plays in this o:-mp*iicate\l reaction 
is not known. 

4th. Aromatic hvdrocarbons are also formed bv the condensa- 
tion of hydrocarbons of the acetvlene series. Berthelot found 
tliat if acetylene be heated to a temperature at which glass 
loftens, a considerable quantity of benzene is produced. 
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At the 8ame time styrolene, CVHg, naphthalene, Cj^jBL^ and other 

hydrocarbons are formed. 

If methylacetyltne be dissolved in sulphuric acid and the 

mixture distilled, mesitylene or symmetrical trimethylbenzene 

is formed : 

3CH=C.CH3 = CeHjCCIi,),. 

Dimethybicetylene, CHjC—C.CHj, when shaken with sulphuric 
a^nd, is c^jnverted into hexmethylbenzene, Cg(CH3)^ (see vol. 
iii. Part II. p. 463). 

» Kriwlel and Crafts, Bull. Soe. Chim. xxviiL 147 ; Ann. Chim. Phys. [6], i. 
449. 

» Hull. Soe. Chim. xxix. 481 ; Ador. u. Rilliet, Ber. Deuiseh, Chem. 0t9 xii. 
329 : iwi'Ai\m-\\, ifjid. xiv. 2624. 

' Jiiihlfloti, Bull. Hoc. Chim. xxxi. 539. 
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5th. The ketones containing methyl are converted by distilla- 
tion with sulphuric acid into aromatic hydrocarbons, which 
contain three alcohol radicals in symmetrical position : — 

3CH,.C0.CH, = C;Hj(CHJj + 3H,0. 
3CH,.C0.CjH, = CbHs(CjHs)j, + SHfi. 
3CHj.C0.C,H, = C,H,(C,H,)j + 3HjO. 

6tli. Aromatic hydrocarbons occur in many balsams and ethereal 
oils, as well aa in certain petroleums. They are formed by the 
ilry distillation of organic substances, and hence they occur in 
wood-tar and in lai^r quantities in coal-tar, in which we find 
benzene, toluene, dimethylbenzenes, trimethylbenzenes, and a 
large number of other aromatic compounds. 

In a memoir on the products obtained in the preparation of 
illuminating gas from resin, Pelletier and Walter so early as 
the year 1838 remark, that chemical operations conducted on 
the large scale offer opportunities for observing phenomena, in- 
vestigating laws, and preparing new products which do not present 
themselves in laboratory experiments. Chemical industry, largely 
indebted to theory for its progress, repays the chemist whose 
assistance she needs, by presenting him with new compounds for 
invt^tigation and thus science is widened and industiy developed. 
In tliis way the manufacture of coal-gas has enriched organic 
chemistry with many new compounds, whose investigation has 
proved of the greatest interest But for coal-gas Faraday's 
liquid hydrocarbons, butylene and benzene, KiJd's naphthalene 
and Dumas and Laurent's paranaphthalene (anthracene) would 
still liave to be discovered. ' 

Petletier and Walter discovered toluene in the oil obtained 
from distillation of resin. This body, together with its homo- 
logues, benzene, naphthalene, antltracene, are now obtained from 
coal-tar on the large scale. This black, tarry and foully smelling 
substance, an essential product of the coal-gas manufacture, and 
formerly a noxious and useless article, has now become not only 
of the greatest importance to the colour manufacturer but moat 
valuable to the scientific chemist, as a means of carrying on 
the investigation of interesting and important bodies to an 
extent which would have been impossible but for the introduc- 
tion of the gns manufactxire. For this coal-tar has proved a 
source, aa yet inexhaustible, of new aromatic compounds, from 
which valuable materials, such as the colouring matter of madder 

Ann. Chim. Fhya. UviL 2fl0. 
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and indigo, bodies previously only known as natural products, 
can now be artificially prepared. 

Additive Prodticts o/ike Aroiitatic Compounds. — When benzene 
and its homologues are heated to 280° with fuming hydriodic 
acid they combine with six atoms of hydrogen and give rise to a 
homologous series whose members are isomeric with the olefines.' 

Hexhydrobenzene . . . CgH,j. 
Hexhydromethylbenzene . C'jHj^. 
Hexhydrodimethylbenzeue CgH^^, &c. 

-These bodies are distinguished from the olefines inasmuch as 
they do not combine directly with bromine, this element forming 
with them substitution products. The constitution of the com- 
pounds thus produced corresponds to that of the chlorine and 
bromine additive products which have been aheady described ; Uke 
these they contain six carbon atoms in a closed ring, but connected 
by single linkages. These hydrocarbons are found in Baku petro- 
leum,* and also probably, together with paraffins and with 
hydrocarbons of the benzene series, in that of GaUcia.^ 

According to Markownikow and Oglobin, the hydrocarbons 
which occur in Caucasian petroleum are not hydrogen addition 
products of benzene and its homologues, but consist of a peculiar 
group of bodies, to which they gave the name of naplithenes.* 

Ethereal oils contain hydrocarbons having the common for- 
muhe C,(|H,B, and termed terpenes ; these stand in close con- 
nection with cyiuene or propylmethylbenzene, CigH,j, and 
behave as hydrogen additive-products of this body. 



DERIVATIVES OF AROMATIC HYDROCARBONS. 

gao Halogen Subsiitution Products. — Derivatives may be ob- 
tained from aromatic hydrocarbons by replacing hydrogen either 
in the side chain or in the aromatic nucleus. We have already 
seen that in the first case clilorine is very powerfully combined, 
inasmuch as it cannot be removed by alkahs, silver salts, sodium 
sulpliito, ammonia, etc. ; on the other liand. the compounds ob- 
tained by substitution in the side chain react like the chlorides 
of radicals of the fatty group. 

' 'Wre'lcn, Lifbig'i An*, clxxivii. 103. 

* BeiUtein uid Korbitow, Ber. BaitaA. Cham. Get. xiii. 1318 ; xiv. 1620. 

* LxJiowJM, Litbiift Ako. rtxx. 188. 

* Btr. DaUKh. Chen. Get. xri. IBT3. 
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When benzene is treated by chlorine alone no regular substi- 
tution takes place, but if a small quantity of iodine be added it 
takes place quietly and step by step, the iodine acting as a 
earner of the chlorine in consequence of the constant formation 
and decomposition of iodine chloride.* In this reaction some 
iodobenzene ia always formed. In order to replace the last 
atoms of hydrogen, antimony chloride ia advantageously em- 
ployed as a carrier of chlorine (H. MiiUer). The reaction takes 
place even more easily and regularly if one per cent, of molyb- 
denum chloride be employed instead of iodine.' 

Chlorine reacts upon the homologues of benzene in a peculiar 
way; if this gas be passed through the liquid in the cold, 
substitution only takes place in the nucleus ; but in presence of 
iodine and antimony chloride this same substitution occurs 
whether the saturation takes place iu the cold or at the boiling 
point ; if, however, free chlorine be allowed to act alone upon 
the boiling hydrocarbon, a replacement of hydrogen in the side 
chain is alone effected. If the mixture be allowed to cool, 
substitution again occurs in the nucleus; on heating a second 
time the chlorine reverts to the side chain. Thus we obtain 
as final products from toluene, tetrachlorobenzenyi trichloride, 
CbHC1,.CCL.. and pentachlorobenzidene dichloride, Ca.Clj.CHClj. 
If an attempt be made further to chlorinate these bodies 
in presence of iodine, a decomposition into hexchlorobenzene, 
CgCig, and tetrachloromothane, CClj, tiJtes place.* The homo- 
logues of toluene exhibit quite a simiLir behaviour, and when 
thoroughly chlorinated yield the two chlorides of carbon as final 
products.* 

Bromine acts in the same manner as chlorine, only less quickly. 
In the cold, or in presence of iodine, the bromine takes its 
place in the nucleus ; at the boiling point it appears in the side 
chain. As commercial bromine frequently contains iodine, it 
must be purified by distillation with potassium bromide when a 
Bubstitution in the aide chain has to bo effected.* If bromine 
containing iodine be heated with benzene homologues, tha 
formation of hexbromohenzene and tetrabromobenzene ia 
observed. 

Iodine cannot effect a direct substitution, but if benzene be 

' Hnjto Milller. /*u™. Chent, Sue. xr, il. 

• itronliciia, Brr. DmUch. Clum. Oa. viii. 1400. 
' Beilalein nod Oeilnsr, Ann. Chtm. Pharm. cxxxix. S31. 

• Knot and Men, Ber. DeuUeK. Clum. Qia. riii. 129fl. 

• Thorpa, Prtx. Roy. Soe. xvai. 123. 
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heated with iodine and iodic acid to a temperature of from 200 
to 240** the following reaction occurs : 

5CeHg + HIO3 + 2I2 = SC^H^I + SRfi, 

In this case part of the benzene is oxidized by the iodic acid 
to carbon dioxide and water.^ The iodine substitution products 
of the aromatic hydrocarbons are far more easily obtained by 
the action of hydriodic acid on the diazo-compounds. They are 
as stable as the chlorine and bromine derivatives, which latter 
may also be obtained by means of the diazo-reaction. Halogen 
substitution products of the aroftiatic hydrocarbons are also 
formed by action of phosphorus compounds of the halogens on 
phenol, or the aromatic alcohols ; they may likewise be obtained 
from substituted acids, by heating the same with lime or 
baryta. 

NitrO'StcbstittUian ProdiLcts are formed by the action of 
concentrated nitric acid on hydrocarbons, when nitroxyl, NOj, 
replaces the hydrogen in the aromatic nucleus but not in the 
side chain.^ When the action takes place in the cold, the 
mono-nitro compound is easily formed ; when heated, or when a 
mixture of nitric and sulphuric acids is employed, higher sub- 
stitution products are obtained. The larger the number of side 
chains which a compound contains, the more readily does the 
nitration take place, and the action may be moderated by 
previously dissolving the substance in glacial acetic acid. 

The halogen substitution products are in like manner con- 
verted into nitro-compounds by the action of nitric acid ; but if, 
on the other hand, the nitrated hydrocarbons be treated .with 
chlorine or bromine, the reactions take place only on warming, 
and then the halogen takes the place of the nitroxyl group. The 
substitution is aided by the presence of iodine, and, as in the 
case of chlorine, the action takes place more readily in presence 
of antimony chloride. 

921 Sulphonic Adds. — By acting with concentrated or friming 
sulphuric acid on the hydrocarbons, or on their halogen sub- 
stitution products, &c., monosulphonic acids or disulphonic 
acids are formed, the substitution taking place in the nucleus : 

CeH^ + SO/OH), = CeH,S02.0H + HoO. 

CeHg.CHj + 2S02(OH)2 = CeH3(SOj.OH),CH3 + 2H,0. 

* Kekul^, Ann, Chem. Pharm. cxxxvii. 161. 

' Some compounds containing two carbon atoms in double linkage in the side chain 
form an exception, such as s^rolene or phenylethylene, CdHj.CHzzCH-, which 
becomes converted by nitric acid into phenylnitroethylene, CjH,.CHtiCHNO,. 
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Trisulphonic acids are formed by heating with sulphuric acid 
and phosphorus pentoxide. Chlorosulphonic acid, SO^C^HO), 
acts in a similar way to sulphuric acid ; ^ it may also be employed 
for the preparation of trisulphonic acids.* 

The sulphonic acids of the aromatic group closely resemble 
those of the members of the fatty group and, like these, are 
easily soluble in water. On heating, they split up into sulphur 
trioxide and the original hydrocarbon, and this reaction may be 
employed for separating aromatic hydrocarbons from those 
containing more hydrogen. In cases, such as that of coal-tar, 
when the two series occur together,' this reaction depends on 
the fact that hydrocarbons rich in hydrogen are either, like the 
paraffins, unattacked by sulphuric acid or, like the defines, either 
converted into the acid sulphates of the alcohol radicals or 
polymerised. When the sulphonic acids undergo dry distillation 
they always jrield by-products, which diminish the yield of 
the -hydrocarbon ; better results are obtained when the sulphonic 
acid is dissolved in concentrated sulphuric acid and the mixture 
then treated with superheated steam.* 

When acted upon by phosphorus pentachloride the sulphonic 
acids yield sulpho-chlorides and these are converted by zinc into 
sulphinic acids such as C^HgSOjH ; these are also readily formed 
by leading sulphur dioxide into a mixture of a hydrocarbon and 
aluminium chloride : ^ 

They readily take up oxygen again and are converted into 
sulphonic acids. 

922 Phenols. — This name is applied to compounds containing 
one or more hydroxyls in the nucleus. They are obtained by 
fusing a sulphonic acid with caustic potash thus : 

CeH5.S03K -f HOK = CeH^OH + SOjK^ 

They are also formed from amido-compounds by the action of 
aqueous nitrous acid : 

C,H5.NH2 + HO.NO = CeH,.OH -h H^O + N^. 

* Becknrts and Otto, Ber. DeuUch. Chem. Gea. xi. 2061. 
« Claeson, Ibid. xiv. 307. 

» Beilstein, Ann. Chem. Pharm. cxxxiii. 84. 

* AnnatTong and Miller, Joum. Chem. Soc. 1884, ii. 148. 

* Friedel and Crafts, Compt. Bend. Ixxxvi. 1368. 



In tliia caae, however, tlie diazo-conipouud is funned as &n 
intermediate product. 

Aruiuatic oxyacids which coutain an hydroxyl in the nucleus 
decompose when heated alone or with baryta into carbon 
dioxide and a phenol ; this same decomposition takes place on 
heating with bydrobromic or hydriodic acids ; thus salicylic acid 
readily yields common phenol or monohydroxybenzene : 
(OH 
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This substance b found, together with other phenols and their 
methyl ethers, in wood-tar and coal-tar. Thymol, C9Hj(0H) 
CHg(C3H,), is a phenol which occurs as a constituent in a large 
number of ethereal oils. The phenols exhibit in certain 
relations strong analogies with the alcohols, and indeed were 
formerly classed amongst them. 

In other respects, however, they differ from them very dis- 
tinctly — e.g. the hydrogen of the hydroxyl is very easily replaced 
by metals. In order to prepare sodium ethylate, CjHjONa, 
alcohol must be treated with Bodiitm, whereas sodium phenate 
is formed at once by action of caustic soda upon pheuol. A 
very characteristic reaction of the phenols is their behaviour 
with nitric and sulphuric acids. They do not form any acid 
ethers (or ethereal salts) with these acids, but yield sub- 
stitution products, and these are more readily formed than 
is the case with the hydrocarbons ; thus we obtain nitrophenol, 
CflH/NOjOH. phenolsulphonic acid, CoH,(OH)SO^, &c. 
Whilst the nitro-hydrocarhons are only attacked by chlorine 
and bromine with difficulty, the nitrophenob readily yield 
substitution products. The phenols are moreover distinguished 
from the ^cohols by the fact that they withstand the 
action of acid oxidizing agents, though in alkaline solutions 
they absorb oxygen, and those which contain many hydroxyls 
readily reduce the salts of the noble metals. These ami simibir 
reactions are of a complicated character, and greatly differ from 
the simple oxidation of the alcohols. 

Phenol Elhen are obtained by heating the phenols with 
caustic potash and the alcohohc iodides : 

C.HjOK + CHJ = C^HjOCH, + KI. 
By beating with the hydracids these bodies are converted into 
phenol and a haloid ether. They are acted upon by the elements 
of the chlorine group, nitric acid, sulphuric acid, and chromic 
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acid, exactly as the hydrocarbonB are ; thus cresolmethyl ether, 
CgH, Ipji ^ yields oQ oxidation m ethyl osy benzoic acid, 

The acid phenol ethers are obtained by the action of chlorides 
or oxides of the acid radicals on the phenols : ' 

CoH,.OH + {C^lifi)p = CoH,,O.CjHjO + (CjH30)0H. 

They are very readily saponified by alkalis. The phenols when 
heated with zinc-dust are reduced to hydrocarbons : 

C^H^OH + Zn = CoHfl + ZnO. 
Phenol ethers, on the other hand, may be distilled over zinc-dust 
without undergoing change. Neutral ferric chloride colours 
aqueous solutions of the phenols violet, bhie, red, or green, but 
not that of its ethers. Many oxyacids which are at the same time 
phenob likewise exhibit this reaction.^ 

If a phenol be shaken with a solution of potassium nitrite in 
concentrated sulphuric acid (Liebermann'a reagent) the solution 
first becomes brown, then green, and finally a bright blue.' 

When the hydrogen in the nucleus of a phenol is substituted 
by a halogen or by mtroxyl, or other electro- negative radicals, 
its acid character becomes more marked ; thus trinitrophenol or 
picric acid, C,Hj(NO,)^0H, possesses all the properties of a 
powerful monobnaic acid. 

Id addition to phenols containing one hydroxjl, others are 
known containing two and three hydroxyla; thus we are ac- 
quainted with three dihydroxybenzenes, CgHj(OH)j, viz., pyro- 
catechol, resorcinol, and hydroquiool. 

Thiophenolt are obtained by the action of phosphorus penta- 
sulphide on phenols; or, better, by treating the sulphonic chlorides 
nith sine and dilute sulphuric acid. Like raercaptans these are 
nn pleasantly-smelling bodies, readily forming metallic salts or 
mercaptides. 

On oxidation they are easily converted mto sulpliides and 
disulphides ; thus ordinary thiopbenol, CgH^SH, jielda (CgHJjS 
and \C,H,),Sy 

The monosulphides are oxidized by chromic acid solution 
to Bulphones, such as diphenylsul phone, (CeHJ^SO,. These 
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bodies axe also obtained by the action of sidphur triozide on a 
hydrocarbon, and are ako produced together with a hydrocarbon 
when a sulphonic acid undergoes dry distillation. 

923 AmidO'Compounds are formed by the action of nascent 
hydrogen on nitro-compounds ; thus from nitrobenzene we 
obtain aniline or amidobenzene : 

CeH^N/ I + 6H = C,H,.N< + 2H,0. 

Aniline and its homologues, such as toluidine or amidotoluene, 
CgH^(CH3)NHj, were formerly classed as amines. They are, 
however, as different from these as phenols are froih alcohols, 
and hence Griess proposed to call them amido-compounds.^ 

They are only weak bases, although they combine readily with 
acids to form salts which easily crystallize but exhibit an acid 
reaction. On the other hand benzylamine, CgHj.CHjNH,, an 
isomeride of toluidine, is a strong caustic liquid, miscible with water, 
possessing a powerful alkaline reaction, and rapidly absorbing 
carbon dioxide from the air. Aniline and its homologues, on the 
contrary, are only slightly soluble in water, possess an aromatic 
smell, exhibit no alkaline reaction, and do not form carbonates. 

These bodies resemble the amines, however, inasmuch as the 
hydrogen of the amido-group can be replaced by alcohol radicals 
by the action of the haloid salts of the latter. The action of 
nitrous acid on the amido-bases is characteristic. The primary 
amines such as aniline are thus converted into phenols, as the 
primary amines are into alcohols. The secondary amides when 
treated with nitrous acid also behave as secondary amines do, 
thus methylaniline, CgH5N(CH3)H, is converted into nitroso- 
methylaniline, CgHijN(CH3)N0. The action of this same 
reagent on the tertiary compounds is, however, very different, 
the amines not being attacked, whilst in the amido-compounds 
nitrosyl replaces hydrogen in the nucleus ; thus, from dimethyl- 
aniline we obtain nitrosodimethylaniline : 

CeH,(N0)N(CH3),. 

The tertiary bases combine readily with the iodides of the alcohol 
radicals to form ammonium iodides and these are decomposed by 
moist silver oxide, with formation of strong alkaline and caustic 
hydroxides. 

' Ann. Chem. Pharm, cxxi. 258. 
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Secondary and tertiary bases are also formed when aniline 
hydrochloride is heated with methyl alcohol or other alcohols to 
from 280** to 300^ In this case the chloride of the alcohol 
radical is, doubtless, first produced. When wood-spirit is em- 
ployed other bases containing the hydrogen in the nucleus 
replaced by methyl are produced in addition to methylaniline 
and dimethylaniline. Thus Hofmann and Martins found in the 
material which is prepared on the large scale for the manufacture 
of colours, dimethyltoluidine, CgH^(CH3)N(CH3)2, dimethylxyli- 
dme, C^H^{CH;)JS{CB^)^ and dimethylcumidine, CeH2(CH3),N 
(CH,)^.^ In addition to these a non-volatile diacid base, 
CjjHjjNj, occiu^ together with hexmethylbenzene.* 

When trimethylphenyl ammonium iodide, CeH5N(CH3)jI, is 
heated to from 220** to 230'', two dimethyltoluidines are formed, 
together with a methybcylidine and dimethylxylidine ; whilst 
at higher temperatures such as 335^ or the melting-point of 
lead, cumidine, CgH2(CHj)jNnj,* is chiefly formed. At this 
temperature methylaniline hydrochloride passes into toluidine,^ 
whilst ethylaniline, CgH5N(C2H5)H, is converted into amido- 
ethylbenzene, C^R^(Cfi^lfIl^ and amylaniline,CgH5N(C5Hii)H, 
into amido-amylbenzene, C^H4(C5Hji)NH2.* XyUdine hydro- 
chloride when heated with methyl alcohol to from 250'' to 300"* 
is converted into cumidine.^ 

The hydrogen of the amido-group in the primary and 
secondary bases can be replaced by treatment with the chlorides 
or nitrates of the alcohol radicals. In the case of the tertiary 
compounds, no action of this kind can of course occur, and hence 
this reaction is employed for the separation of secondary and 
tertiary compounds which are often formed together. 

The hydrogen in the nucleus of the amido-compotmds can 
also be replaced by the halogen and nitroxyl groups, when the 
basic character of the original compound is weakened. This also 
occurs when the hydrogen of the amido-group in aniline is 
replaced by phenyl, thus diphenylamine, (CgHJ^NH, jrields salts 
which are decomposed by water, whilst triphenylamine, (C^HJgN, 
does not combine with acids. 

The dinitro-substitution products of the aromatic hydro- 
carbons are converted by nascent hydrogen into diacid bases ; 
such as diamidobenzene or phenylenediamine, CgH^(NHj)g, 

* Ber. DeuUch. Chem. Gts, iv. 742. • Ibid. vi. 345. 
» Hofmann, Ibid. v. 704. * Ibid. v. 720. 

• Ibid. vii. 526. • Ibid, xiii 1730. 
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which exists in three modifications. The nitrophenols are thus 
converted into amidophenols, which do not combine with bases 
to form salts, but unite with acids. 

924 AzO'Compotinds are formed under certain conditions by 
the reduction of nitro-substitution products ; thus azobenzene, 
Cj^ioNg, is obtained from nitrobenzene by acting upon it with 
caustic soda and zinc-dust, or by treating it in alcoholic solution 
with sodium amalgam : 

C,H,.NOj CeH,N. 

+ 8H= II +4H.0. 

C,H5.N0, C,H,.N 

The same body is also produced when aniline undergoes 
moderate oxidation : 

C,H,.NH, C.H,.N 

+ 20= II +2IL0. 

This compound unites with nascent hydrogen to form hydrazo- 
benzene, Ci2Hi^(NH)2, which by further reduction yields 
aniline. 

The hydrazo-compounds are colourless, whilst the azo- 
compounds have a yellow or red colour; but they do not 
possess the properties of colouring matters if they only contain 
hydrogen in the nucleus. If, however, this is replaced by 
hydroxyl, by an amido-group, &c., the azo-colours are formed, 
many of which are now made on the large scale, and concerning 
which more will be said in the sequel. 

925 BiazO'Compounds. — These bodies form one of the most 
characteristic and important series of the aromatic group and 
possess a great theoretical as well as practical interest. They 
were discovered by Griess, who obtained them by action of 
nitrous acid on the amido-compounds. The action of this acid 
on ammonia is as follows : 

NH3 + NO.OH = N2 + 2H2O. 

Now Piria found in 1849 that by the action of nitrous acid, 
asparagine, or amidosuccinamic acid, is converted into malic 
acid: 

C,H,(NH^ ( gggg* + 2N0.0H = 2N, + C^HjCOH) { ggg^ 

+ 2HjO. 
Soon after this, Strecker in like manner obtained glycollic 
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acid firom amidoacetic acid, and now we know that all amido- 
componnds and amines are acted upon in a similar manner. 

Analogous reactions had also been observed in the aromatic 
group. Thus Hunt in 1849 found that nitrous acid converted 
aniline into phenoL^ This latter substance is, however, more 
easily formed if aniline hydrochloride be treated with silver 
nitrite : * 

C^5.NH, + NO.OH = N, + Ce,H,OH + H^O. 

In a similar way Gerland in 1853 prepared oxybenzoic acid, 
C^,H^(OH)COjH, from amidobenzoic acid, C^,H^(NHj)COjH.» 

Griess then showed in a series of researches, which have 
become classical, that when nitrous acid acts upon the aromatic 
amido-compounds no nitrogen is evolved, but that the result- 
ing compounds contain the nitrogen both of the nitrous acid 
and of tiie amido-group, and that they very readily part with 
this nitrogen, frequently with explosive violence, though 
when treated with certain reagents they are converted 
into compounds the formation of which had been previously 
observed.* 

By acting with nitrous acid on an aqueous solution of aniline 
nitrate, Griess obtained diazobenzene nitrate, its formation 
being represented as follows : 

CeH^N.HNO, + NHO, = C^H^N^HNO, + 2H,0. 

According to Eekul^'s view, now generally accepted by 
chemists, the group Nj is dyad and has the following constitution : 
— N=N— . The formation of diazobenzene nitrate is then 
represented as follows : 

CeH5.NH8.0.NO, + NOjH = C^Hj.NzzN.ONO, + 2HjO. 

Other chemists uphold the view that diazo-compounds contain 
pentad nitrogen.* 

By acting with sulphuric acid on the nitrate, acid diazo- 
benzene sulphate, CgH5.Nj.SO4H, is obtained, and this is better 
suited for most reactions inasmuch as nitric acid is apt to 
yield nitro-products. In many cases, however, it is not necessary 

^ Jahra^. 1849, 891 ; Ann^ Chcm. Pharm. Ixxvi. 285. 
' Hofmann, ibid. Ixxv. 859. 
» Ihid. Ixxxvi. 148. 

* KekuW, Lehrh, ii. 708. 

• Strecker, Ber. DeuUeh. Chem, Ges, iv. 786 ; Erienmeyer, ihid. vii. 1110 ; 
Blomstrand, ibid. viii. 51. 



v> jM9t xbe pcre Skh. ben tih& ^a^xoBopiXDd wmj be dissolved 
in Ujc retiTiiste q^a&^nr ci dihxKe nalpimric add and the 
th&offedcal ai&jczki c-f pc^swi m niizne gndnaUj added in 
m\xk^yos K j^crkii.^ Tike prosoct is iken boiled vith vater, when 
a pbeDolis 



Hydiiodic add deoDfopoeies the sahs of diazobenzene easily 
with ftjnnatic'n of i-^dine sofastiiutkm fvodiiciK, which are best 
obtained in this war : 



Hvdrobromic add does noC act so leadilT. K the diazo-salt 
be treated at the same time with hjdiofarcanic add and bromine, 
a diazobenzene perfaromide is formed, whidi is easily decomposed 
en heating with aloolnd : 

C^Hj.NBr- XBr, + C^O = CJI^Br + 2HR + N, + C^^O. 

Hydrochloric add acts with sdll greater diflknhj cm the 
diazo-salt, but if hydrochI<»ic add, |datinic chl(»ide and 
alcohol be added to its solution, a jdatinic chloride compound 
is precipitated, which on heating with caustic soda decomposes 
as follows : 

(C.H,X^^tC\ = 2CAC1 + N, + Pt + 2CV 

If the diazo-salt be bofled with absolute alcohol the cor- 
responding hydrocarbon is produced : 

C^H^.N^SO^H + C^H^O = C^ -i- X, + SO^H, + C^^O. 

Phenol ether is however often thus produced and sometimes 
in large quantity : * 

CeHj.N^SO^H + C^Hj-.OH = C^^.O.CeHj + N, + SO^H,. 

Instead of converting the amido-compounds into diazo-salts, 
it is often possible to replace the amido-group directly by 
hydrogen. This is accomplished by heating the base with alcohol 
saturated with nitrogen trioxide and therefore containing ethyl 
nitrite, when the diazo-compound is first formed, but afterwards 
decomposed by the alcohoL In many cases the yield of hydro- 
carbon is only smaU, as a large quantity of resin is produced ; 

* Meyer and Ambfihl, Ber., Deutsch. (Jhem. Gf*. viiL 1074. 

* Uailer, ibid, xvii 1887 ; Hofounn, ibid, xriL 1917. 
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this however may be avoided by decomposiiig the diazo-chloride 
with stannous chloride as follows : 

CeH5.N,a + H,0 + Sna, = C.H^ + X, + SnOCl, + HCL 

926 Dicuoamido-Campounds are fonned when nitrons acid 
acts upon an alcoholic solution of a base, such as aniline, which 
must be present in excess, and also when a base is brought in 
contact with a diazo-salt in an aqueous or alcoholic solution : 

CeHjNi^Na + NHj.CeHj = C.H^NzzNJN H ;CeH^ + HCL 

A large number of diazoamido-compounds can be prepared 
from other bases and diazo-salt& These are not colourless like 
the diazo-saltfi but possess a yellow tint : they do not comlnne with 
acids but form double platinum chloiide& They are convened 
into diazo-compounds by the further action c^ nitrous acid : 
when heated with water or adds thev undenro a gimilftr de- 
composition to the diazo-salts, amido bases being formed at the 
same time: 

CeH^N^NttCeHj + H,0 = C.H,.OH ^ >'H^C,H, + >V 

Some of these bodies readily pass ii^to the i»>meric aniidoazo 
compounds. In the case of diazoamidobenzexM: this chsmz*: 
occurs when its alcoholic &:Jution is allowtrd to £iazrj f>r a f^w 
days ; the reaction takes place more re&dily if »>ziie aialiite hy- 
drochloride be added to the solution.^ Tn iLis react: >z: iLe axJJiiie 
residue C^H^^^^H, takes the place of NH.CfH, : bet as aiiilii^ 
hydrochloride is formed in the reaciioiL a suJl qiihi^'iixy of this 
salt is sufficient to convert a large qTsanTzty ot dia^:jai£iidob^Xi^eiM: 
into amidoazobenzene : 

CeHyN=X:SHlC^H, ^ »C^H^ XH^CH = 

Other diazo-compounds jn^irfTZfj fgrr-Haf 'Sxaj.z^ i£*',t<: or him 
easily according to their co£;s:zm^'j& : *ar2k ti;!^',fiakrv-4u:f.l'io'V,>;>rf«^ 
prepared frt>m para:toh2idiz«& C^^ CH^XH^ it l>'A fjA.'*^,r^fi hy 
contact with a hvdrochl>jfiie f.i iLfj lirift-i^iajJLir^ ^*\ \i.^j* %u 
amidoazotoluene as are lirr ^jrr^^rJiiz^'z *y.^z:.y.'\:j\^ yt^'ifi-^t^n 
from the two isomeric v>r:iiiira. wiji atr^ 4.t '^^>; 'j.wi^.rjA '/i 
nitrous add into 9iLiA*jk2fj^^,^i:ys:^i3L T'^, nt-v^*; u,A.^ '//^A f'^f 
the homologues of this V^iy az^i 5:r '.*:•*>? t:.'.^':>^Ar.'.f//<i.vi« g^A 
containing hydrogeii in ti«r ptr* ykr^-/'^, *:;x:,yr^^,^ a* uAm /aa^ 
being formed, of wLii-i iLiij ''>cj:x^/ v^ v>j '/-*« *A \t*0'. k^^r- 
colours. 
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When phenol acts upon diazobenzene sulphate, diphenyl oxide 
is produced. 

CeH5.N,.S0,H + HO.CeHg = N, + SO.Hj + CeHj.O.C^Hg. 

If, however, potassium phenate be used,oxyazobenzene is obtained : 

CeH,.N^N03 + KO.CeHg = KNO, + C,H,.N^CeH,OH. 

A series of oxyazo-compounds, also used as colours, has recently 
been obtained from diazo-ssdts and alkaline solutions of phenols 
or their sulphonic acids. 

Azylines are formed by the action of nitric oxide on tertiary 
amido-compounds, which are then partly oxidized : 

2CeH,.(CH3),N + 2N0 = (CH3),NCeH,.N=:N.CeH,.N(Ciy^ 

These are strong bases possessing well crystallizable coloured 
salts. 

IXazoamines are formed when a diazo-salt acts on primary and 
secondary amines.^ 

Diazobenzene-ethylamino. 

CaHj-N^NO, + HjN.CjHj = C,H5.N,.NH.CjH5. + NO,H. 

Diazobenzene'dimethylamine. 

CeH,.N,.N03 + HNCCHj), = CeH,.Nj.N(CH3), + NO3H. 

These are converted into the isomeric amidoazo-compounds, but 
corresponding mixed nitroazo-compounds are known which are 
formed when the sodium compound of a nitro-para£5n is brought 
in contact with a diazo-salt.' 

Azophenylnitroethyl. 

CeH5.N2.NO3 + NaCsjH^.NOg = C^U^.N^C^^,HO^ + NaNO,. 

The reactions of these bodies resemble those of the other azo- 
compounds ; they are yellow colouring matters. 

927 Hydrazines are formed by the action of an excess of 
acid potassium sulphite on a diazo-salt : ^ 

CeHj.NzziN.NOj + 3KHSO3 - 

CeH5.NH— NHSO3K + KHSO, + KNO3 + SO^. 

In this reaction the potassium salt of phenylhydrazinesulphonic 
acid is first formed, and this converted by boiling with hydro- 
chloric acid into phenylhydrazine hydrochloride : 

CeH5.N2H2.SO3K + HCl + H2O = CeH5.N2H3.ClH + KHSO^. 



* Baeyer and Jager, Ber. Deutsch. Chem. 0€8. viii. 148. 
« Mover and Ambiihl, ibid. viii. 751, 1073. 
' £. Fischer, Licbig'a Ann. cxc. 67. 



Hydrazines ore also t'ormed when a diazoamido-compound is 
treated with zinc-dust and acetic acid : 
C,H(.N=N.NH.CaHj + 4H = CaH^NH-NHj + H,N.C(Hs. 
Secondary hydrazines are formed in a similar way from nitroso- 
1)6868; nitrosodiphenylamine yields diphenylhydrazine : 
(C„Hs)tN-NO + 4H = (C5H5),N-NHj + H^O. 

Asymmetrical ethylphenylhydrazine. CgH6N(C3H3)-NHj, is 
formed from nitrosoetUylaniline. The same compound is also 
formed together with asymmetrical ethylphenylhydrazine, (CgHj) 
NH — NH(C'jH5), by the action of ethylbromide on phenyl- 
hydrazine. This latter compound is oixdized by mercuric oxide 
to azophenylethyl, C^H^N = NCjH^, and this compound unites 
with hydrogen to form the original compound, which may there- 
fore be called hydrazophenylethyl.' The asymmetrical compound 
yields on oxidation with mercuric oxide, diethyldiphenyltetrazon, 
a body having the following composition ; 

N— n/ 

The aromatic hydrazines resemble the same class of compounds 
belonging to the fatty series, and are, however, monacid bases. 
Aromatic compounds are also known containing phosphorus, 
arsenic, silicon and metals. 

928 Aromatic Alcohols and Aetdi, — Aromatic alcohols are 
formed by replacement of hydrogen in the side chain of the 
hydrocarbon by hydroxyl ; their mode of preparation corresponds 
exactly to that employed in the preparation of the alcohols of 
the fatty group, and, as in this latter case, primary, secondary and 
tertiary aromatic alcohols are known as well as those containing 
divalent and polyvalent radicals. 



Phpojlelhyl »lcoliol. 
C,Hj.CHyCH,.OH. 

llioDylmelhyl catbinol. 

C,Hj.CH(OH)CH,. 



PliGuyldimstliyl corblnoL 

C,H..O(OH)(CHJ, 



^CH,OH. 



d ErhnrJ, licbis'l J.I 
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Phcnylethylene glycol. Tolylene glycol. 

/CIL.OH 
CeHj.CH(OH)CHj.OH. CgHZ 

\CHj.OH. 

Phenyl glycerol. 

CeH,.CH(OH)CH(OH)CHj.OH. 

In these alcohols the hydrogen of the nucleus can be replaced 

by other elements or radicals and thus a series of compounds is 

obtained, which, on the one hand, act as fatty bodies, and on the 

other, like aromatic substances. Thus, some are known which 

are at once phenols and alcohols, to this class belongs oithoxy- 

.OH 
benzyl alcohol, CJEl/^ 

\CH,OH. 

Aromatic alcohols react with oxidizing agents in a manner 
depending on their constitution, as is the case with the fatty 
bodies corresponding to these. 

929 Aromatic Acids. — These primary alcohols yield aldehydes 
and then acids, and these latter can be obtained according to 
other reactions characteristic of the bodies of the aromatic-group, 
viz: — 

1st. They may be obtained from the hydrocarbons not only by 
oxidation of the side chain, but also synthetically by combination 
with carbon dioxide in presence of aluminium chloride.^ Thus 
from benzene we obtain benzoic acid : 

And if carbonyl chloride be employed in place of cai*bon dioxide 
benzyl chloride is formed : 

CeH^ + COCl, - CeHj.COCl + HCL 

This cannot however be obtained in large quantity, as it 
acts further on the benzene with formation of diphenylketone,* 
CO(CeH^,. 

2nd. Acids are obtained from monosubstitution products of 
the hydrocarbons by simultaneous action of sodium and carbon 
dioxide : ^ 

CeH^Br + CO3 + 2Na = CeHg.COjjNa + NaBr. 

^ Fricdel and Crafts, Compt. Rend. Ixxxvi. 1368. 

^ Friedel, Crafts, and Ador, Ber. Jkutfteh. Chem. Oes. x. 1854. 

' Kekul^, Ann. Chcm. Pharm. cxxxvii. 178. 
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3rd. In place of carbon dioxide and sodium, etliylchlorofor- 
mate and sodium amalgam may be used, when the ethyl ether 
is formed : ^ 

CeH^Br + CICO jC^j + 2Na = CeHg.COjC^H^ + NaBr + NaCl. 

4th. Monobasic acids are obtained from the sulphonic acids of 
hydrocarbons by heating them with sodium formate : 

CeHjSOsNa + HCO.Na = CeHgCO.Na + HNaSO,. 

If sulphobenzoic acid be employed, dibasic bophthalic acid is 
formed :* 

XOjNa /COjNa 

C^H/ + HCO.Na - CeH,< + HNaSO.. 

\sO3Na \CO2Na 

Isophthalic acid is also prepared by heating sodium bromoben- 
zoate with sodium formate : ^ 

CeH,Br.C02Na+2CH02Na = CeH,(CO,Na),+NaBr+CH,0^ 

5th. When an amido-compound is heated with oxalic add 
formamide is obtained, thus phenylformamide or formanilid^; in 
obtained from aniline, which is converted on heating with hydr^>* 
chloric acid into benzonitrile,^ the carbamine which in at fintt 
formed suffering intermolecular change : 

CeH5N(C0H)H = C^H^CN + H,0. 

6th. Amido-compounds can also be cfmvfiruA }fy W^rith'N 
method into acids, by preparing the thiocarbimid^ or rii'ijrtAfd oil, 
and heating this with powdered or finely-divid'C:^! f'jf\f\ttiT : ^ 

C^NCS + 2Cu = CfiyCS + Co^S, 

Aromatic nitriles are also formed w\»ffn a wn\\iaf^.w: v:>l it^H \n 
heated with potassinm cyziMft* as w^U aji by xka^-. titaui t^^Mffftn 
for the preparation of the nitiiks of x\»h hAKj k^-t^-a,, i^ic*: ihtK 
latter class of bodies, they are crjUT^^rv^ xlV/ u>^: 'j.rt-i^y/tAut'^^ 
acids by heating with alkalis cc ixrfjtM^ ^rAk. Ar^r/.^*^. itd:A% 
can also be svnthetirallT obuiiMd br tUiUiUt 'A *u> ^/^/^-^aXu. 
ether, and the malonic acid t*a^^x^ 



' ■% ^ 



» /ML ^ fl*. 
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Aromatic acids containing less hydrogen corresponding to the 
acrylic acid series are formed, when aromatic aldehydes are 
heated with a sodium salt of a fatty acid together with a 
dehydrating substance such as acetic anhydride : 

Cinnamic Acid. 

CeH5.C0H + CH3.CO2H = C,H5.CH=iCH.C02H + H,0. 

In place of the salts of the fatty acids, those of malonic acid or of 
its homologues of analogous constitution may be employed, as 
these decompose into fatty acids and carbon dioxide. 

AramcUic oxyacids which are at the same time phenols, can be 
prepared from these bodies in various ways. 

1st. Kolbe and Lautemann showed that when carbon dioxide 
and sodium simultaneously act upon phenol, salicylic acid or 
orthoxybenzoic acid is formed.^ Kolbe then proved that this 
acid may be easily prepared by heating sodium phenate in a 
current of carbon dioxide to 180** : * 

/ONa 
2CeH,.0Na + CO, = C^U,( + C,H,.OH. 

^CO,.Na 

2nd. Its ethyl ether is formed by the action of sodium on a 
mixture of phenol and ethylchloro-formate : * 

/OH 
CeHjONa + CICOJ.C2H5 = CeH,< + NaCl. 

\CO,.C,H, 

3rd. The aldehydes of these oxyacids are formed when a 
phenol is heated with caustic soda and chloroform : * 

.ONa 
CeHg.ONa + 3NaOH + CHCI3 = CeH,< + 3NaCl + 2H.0. 

\COH 

4th. If tetrachloromethane be employed instead of chloroform 
an acid is obtained : ^ 

/ONa 
CeH,.ONa + 5 NaOH + CCl, = Q^n,( + 4NaCl + 3H,0. 

\CO2Na 

6th. When an oxyacid is heated with caustic soda and 

* Ann. CJuim. Pharm. ex v. 201. 

* Joum. Prakt. Ch^-m. [2], x. 98. 

* Wilm and Wischin, Zeitschr. Chnn. 1868, vi. 

* Roimer and Tiemann, Bcr, Deutsch, Chern, Ge$. ix. 824. 
» Ibid. ix. 1285. 
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chlorofonn an aldehydo-ackl is produced, and this is transformed 
on oxidation into a dibasic oxyacid«' 

,ONa yCOn 

CM.( +3NaOH+CHa.=CeILfONa +3NaCl + 

^CO,Na ^CO.Na 

2H5O. 

6th. Oxjacids are also formed when a sulphonic acid, such as 
snlphobenzoic acid, is fused with caustic potash. 

7th. Certain dioxybenzenes are converted into dioxyacids 
when heated with ammonium carbonate and water to 110^ 
Thus resorcinol gives rise to a mixture of isomeric dioxybenzoic 
acids:' 

/OH /OH 



ISOMERISM IN THE AROMATIC GROUP. 

930 It has been abready stated that experiment has shown 
that no isomeric mono>substitution products of benzene exist. 
It was indeed at one time thought that such bodies had been 
discovered, but careful investigation proved that in this case 
the observed differences were due to impurities. 

Di-substitution products, on the other hand, can occur in three 
isomeric forms, and this conclusion is completely verified by 
experiment. The history of the di-substitution products is fully 
given in Richard Meyer's work entitled Einleitung in das 
Stvdium der aromatischen Substanzen, In this case also, some 
chemists assumed the existence of more than three modifica- 
tions, but it turned out, as before, that, either on the one 
hand the bodies were impure, or mixtures of isomeric com- 
pounds, or, on the other, that the observed differences were 
due to physical isomerism, such as has been observed in the 
fatty group of bodies as well as in the case of inorganic com- 
pounds, and which in this instance is designated as dimorphism 
or trimorphism. When Kekul6 proposed his theory, many 
substitution products of benzene were known, and amongst 
them several di-substitution products, such as certain deriva- 
tives of benzoic acid, which could be arranged in three classes 
according to their genetic relations. Kekuld gives the following 

^ Rcimer and Tiemann, Ber. Deutsch. Chem, Ges, ix. 1268. 
s Senhofer and Brunner, ibid. xiii. 930. 
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arrangement, observing that in the condition of our knowledge 
at that time it was scarcely possible to determine the positions 
which the elements or radicals replacing the hydrogen in benzene 
occupy, with any degree of certainty.^ 

(1) (2) (3) 

( CI 
CgH^ -| oQ u — Chlorodracylic acid. Chlorosalicylic acid. Chlorobenzoic acid. 

I OH 
QQvr — Para-oxybenzoic acid. Salicylic acid. Oxybenzoic acid. 

{NH 
QQ Jt — Amidodracylic acid. Anthranilic acid. Amidobenzoic acid. 

The members of the last series are direct derivatives of 
benzoic acid ; by the action of nitric acid, nitrobenzoic acid, 
CgH4(N02)C02H, is obtained, and this on reduction is converted 
into amidobenzoic acid : this again is converted into oxybenzoic 
acid by the action of nitrous acid, from which chlorobenzoic 
acid is obtained by the diazo-reaction. It has already been 
stated that anthranilic acid is obtained by heating indigo 
with caustic potash ; by the action of nitrous acid this is 
converted into the earlier known salicylic acid, and the latter 
substance when acted upon with phosphorus pentachloride and 
water yields chlorosalicylic acid. The members of the first 
series are obtained from toluene, C^Hg.CHg, by conversion first 
by nitric acid into nitrotoluene, CgH^(N02)CH3, and then by 
oxidation into nitrodracylic acid, from which chlorodracylic acid 
is obtained in the same way as chlorobenzoic acid from nitroben- 
zoic acid. Para-oxybenzoic acid was previously known, and thus 
termed because it was found to be isomeric with oxybenzoic acid. 

Bromotoluene can be obtained directly firom toluene like 
nitrotoluene, and hence Kekul^ assumed that both bodies have 
an analogous constitution. Bromotoluene when acted upon by 
sodium and methyl iodide, yields a dimethylbeuzene (parax- 
ylene), and when treated with sodium and carbon dioxide forms 
toluic acid, CgH^(CH3)C02H, both derivatives being converted 
by oxidation into terephthalic acid, CgH^(C02H)2. For this 
reason Kekul^ supposed that both these bodies belong to the 
first series. Later investigation has, however, shown that an 
analogous mode of formation does not always give rise to 
similarly constituted compounds, but in the above cases KekuWs 
view was found to be correct. 

Cases of isomerism, similar to that of the substituted benzoic 
acids, were then observed in other compounds : thus, for example, 

^ Lehrbueh, iL 517 (1866). 
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two series of substituted anilines were known* To tliosi^ which 
were obtained directly from aniline no special designation was 
given, whilst the others were termed para-compounds, although 
there was no intention of connecting this series in any way 
with the series of para-oxybenzoic acid. Vaiious other com- 
pounds were obtained from these substituted anilines^ such as 
halogen substitution products of benzene, substituted phenols, &c. 

When Komer discovered a third iodophenol, he tennod it 
meta-iodophenol and suggested for the first series the name of 
ortho-compounds. The same method of designati(m was then 
appUed to the derivatives of benzoic acid obtained by direct 
substitution, and, as a para-series already existed, bodies con- 
nected with salicylic acid were termed meta-compounds. This 
led to much confusion, as it was supposed, without reason, that 
a similar mode of designation indicate an analogous constitution 
in the compounds of both groups. 

The following table is, with some abbreviation, taken from 
Kekul^ s ZehrbtLch} 



C,H^C1, 

C,H^Br, 
C.HJ, 

; CgH^CyOJEr 
CJH4CKOJI 

CgH^CXH^iBr 
CH^ OH I 

q^OHs 



Ortbo-aerfct. 



Dichlorobenieiie. 
Dibromobenieiie. 
Di-iodobenxene. 

NhrochkfDbeimne 



VaxU'mrim, 



UnU-Mfrtm* 






I 



pAOthk/agdlmfi, 



ChlonnJliiici. 
BramBuiBie. 

Xxtaasfiac . r ^naizuA Uuut. 






aL ^uui K. 



36 AROMATIC COMPOUNDS. 

It has already been stated that the ortho-compounds are those 
which are obtained from aniline by direct substitution, or by 
means of the diazo-reaction. 

The starting-point for the para-compounds is dinitrobenzene, 
which is easily converted by partial reduction into paranitraniline. 
This yields the nitro-halogen compounds by the diazo-reaction, 
and from these again the substituted anilines and phenols can 
be obtained. The phenylenediamines or diamidobenzenes arc 
obtained by further reduction of the nitranilines. The ortho- 
compound of the iodophenols, in addition to its production from 
iodaniline, was prepared by Komer by the action of iodine and 
iodic acid on phenol, a small quantity of meta-iodophenol being 
produced at the same time. The earlier known dihydrozy- 
benzenes were obtained by Komer by fusing the iodophenols 
with caustic potash. 

Hydroquinone on oxidation forms quinone, C^H^O,, and this 
may also be obtained by the oxidation of phenylenediamine, a 
further proof that hydroquinone belongs to the first series. 



ORIENTATION IN THE AROMATIC SERIES. 

931 As soon as the fact was recognised that the di-substitu- 
tion products exist in three isomeric forms, and that they can be 
arranged in series whose members can be converted by simple 
reactions into the others, it became necessary to investigate the 
orientation or the relative position of the substituted radicals or 
elements. This indeed Kekul^ attempted to eflfect, and he was 
of opinion that when two similar elements or radicals replace 
the hydrogen in benzene, they take up positions in the molecule 
removed as far as possible from one another, inasmuch as all the 
atoms lying within the sphere of action of the first bromine 
atom would have their a£5nity for bromine weakened. 




6' 




3 



4 
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Let lis BUppoHe that in nionobromobenzene, CflH^Br, the. 
bromine takes up position 1, then in dibromobenzene the second 
atom of bromine will occupy poaition 4.' 

Batyer opposed this view, pointing out tliat when ethyl chloride 
is chlorinated, ethidene dichloride, CHj.CHClj, and not ethylene 
dichloride, CHjCl.CHjCl, is formed, bo that the second chlorine 
atom instead ofbeingrepelledby the first, is rather attracted to it.* 
In the above case, however, both views are correct ; for when 
bromobenzene is brominated, 1, 4, dibromobenzene is the chief 
product; but a certain quantity of 1, 2, dibromobenzene is also 
formed, though this was not known at the time, and these con- 
siderations did not exert any influence on the problem. On the 
other hand, the views held hy Baeyer respecting the constitu- 
,tion of mesitylene, CgH,j, exerted considerable influence.* This 
hydrocarbon is formed when acetone is heated with sulphuric 
acid : 

3CjHflO = CgH,j + 3H,0. 

Fittig had previously found that mesitylene yields on oxidation 
trimesitic acid, C9^(C02H)j, and that this when heated with 
lime yields benzene and carbon dioxide. Hence it is proved that 
mesitylene is triniethylbenzene, CoHj{CHj)j. The formation of 
this body is explained by Baeyer by supposing that each molecule 
of acetone gives rise, with separation of water, to the residue 
CHr::C — CHj, and that three of these are so arranged as to 
form symmetrical trimethylbenzeno, in which the methyl groups 
are in the positions 1, 3, 5. 

CHj 

i h 

CH,/ \^ \CH,. 

This view, though probable, was not proved to be correct, any 
more than another idea which was at one time entertained, 
namely, that trichlorobenzene, derived from benzene hexchloride, 
CjHjCl,, by removal of three molecules of hydrogen chloride, 
contains the chlorine atoms symmetrically arranged. Ladenbnrg, 
however, afterwards proved the truth of Baeyer's hypothesis, 
and it now stands as one of the most important methods of 
effecting orientation (see p. 46). 
■ liMmA, ii 553, ' An-^ Chan. Pharm. Sappl. t. S4. * Ibid, cil. 30fl. 
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Mesitylene yields on moderate oxidation a monobasic and a 
dibasic acid. 

Mesitylenic Acid. Uvitic \.cid. 

^«^3 ( COjH. ^^^ \ (COjH),. 

The former of these when distilled with lime yields a dimethyl- 
benzene, which is identical with the metaxylene contained in 
coal-tar oils, and yields on oxidation the dibasic isophthaJic acid 
CgH4(C02H)2, isomeric with phthalic and terephthalic acids. 

Assuming the above constitution of mesitylene, it follows 
that the side chains of metaxylene and of isophthalic acid occupy 
alternate positions : 

1:3 = 1:5 = 3:5. 

932 Phthalic acid differs from terephthalic acid, and, as was 
afterwards found, also from isophthalic acid, inasmuch as when 
heated, it is readily resolved into water and an anhydride : 

/CO.OH /COv 

CeH / = CeH / >0 + H,0. 

\CO.OH \C0/ 

From this reaction Grabe concluded that the carboxyls are 
adjacent or occupy the positions 1, 2,^ and this conclusion he 
corroborated in his valuable research on naphthalene, Cj^Hg. 

Erlenmeyer had previously expressed the opinion that this latter 
hydrocarbon contains two benzene rings, having two carbon atoms 
in common.^ These two rings we may designate as a and b : 

CH CH 

HC C CH 
a 



HC 



CH 



CH CH. 

Now from Griibe^s investigations it appears very probable that 
this formula does represent the constitution of naphthalene ; and 
as this hydrocarbon yields phthalic acid on oxidation, the two 
carboxyls must occupy the positions 1 and 2.* Grabe's proof will 
be given hereafter under napthalene. Nolting and Reverdin* 
have, however, since given a much simpler proof, as follows: 
nitronaphthalene, Cj^H^NOg, yields on oxidation nitrophthalic 
acid, CgH3(N02)(C02H)2. If we now assume that the nitroxyl 
is contained in the nucleus a, it follows that the nucleus b has 

* Griibe and Born, Ann. C?wm. Phann. cxlii. 330. • Ibid, cxxxvii. 846. 

' Ibid, cxlix. 1. * CoruftUiUion of KaphUicUcnc and its derivaiives, 1880. 
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been destroyed. By reduction nitronaphthalene is converted into 
amidonapfathalene, C^oH^NHj, and this on oxidation does not 
yield amidophthalic acid, or an oxidation product of it, but phthalic 
acid. Hence it follows that in this latter case, the nucleus a 
has been oxidized to carboxyl. Now as we are acquainted with 
the constitution of phthalic and isophthalic acids, it is cleai* that 
that of terephthalic acid is also known, as well as that of the 
bromotoluene which can be converted into toluic acid, and of a 
dimethylbenzene which on oxidation yields terephthalic acid. 

933 Hydroquinone, CgH^(0H)2, is distinguished from its iso- 
merides inasmuch as it readily passes by oxidation into quinone, 
CgH^Oj, and this can again be easily reduced to hydroquinone. 
From these facts Grabe concluded that in the formation of 
quinone the two oxygen atoms combine together : 

/OH .0. 

\0H \0/ 

This peculiar reaction of hydroquinone is most simply ex- 
plained, according to Grabe, by the supposition that in this 
body the hydroxyls occupy the adjacent positions of 1 and 2. 
But as hydroquinone is formed by fusing ortho-iodophenol 
with potassium, we may conclude that the substitution in ortho- 
compounds takes place in the adjacent position. 

At the end of his memoir on naphthalene Grabe gives the 
following table. The expressions, ortho, meta, para, are here 
employed in the sense we now use them. 





Ortho-series. 
1 :2. 


MetA-s'^ries. 
1 .8. 


Para-scries. 
1:4. 


P „ f OH 
^«"*\0H 

PH /^" 


Hydroquinone. 
Oxybenzoic acid. 
Phthalic acid. 


Pyrocatechin. 
Salicylic acid. 
Isophthalic acid. 


Resorcin. 

Para-oxybenzoic 
acid. 

Terephthalic acid. 



It has already been stated that Kekul^ assumed that para- 
oxybenzoic and terephthalic acids belong to the same series ; the 
former of these was obtained from nitrotoluene, which on reduc- 
tion yields a toluidine, from which Hofmann obtained the same 
toluic acid which is formed by Kekul(5's reaction from bromo- 
toluene, and which on oxidation yields terephthalic acid, thus 
209 
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corroborating Kekule's supposition. The connection between 
bTomotoluene and nitrotoluene is further alio wn, inasmuch as the 
former is converted by oxidation into a bromobenzoic acid, which 
is identical with that obtained by the diazo-reaction from amido- 
dracylic acid ; hence all these compounds belong to the paia-series. 

A connection between resorcin and terephthalic acid was not 
at that time proved, but Irelan > and Garrick ^ soon showed tliat 
bromobenzenesulphonic acid and benzeuedisul phonic acid yield 
resorcin wlien fused with caustic potash, whilst when they are 
heated with potassium cyanide and the product decomposed by 
caustic potash terephthalic acid is obtained. But if hydroquinone 
is an ortho-compound and resorcin a para'compound, then pyro- 
catechitt must belong to the meta-series. 

The insertion of oiybenzoic and salicyclic acids was, on the 
other hand, purely arbitraiy, 

934 The relations existing between the di -substitution products 
of benzene and the mono-substitution products of benzoic acid 
were at that time only determined in so far as that both were 
placed in the para-series. The assumption that the same relative 
position of the suhstituents held good for the ortho-andmeta-com- 
pounds of the two groups was in no way proved, as was pointed 
out by Victor Meyer, who then drew attention to the fact that in 
the meta-derivatives of benzoic acid the adjacent position of the 
aide chains must be assumed with the same degree of probability 
as in the case of phthalic acid, inasmuch as, of the three isomeric 
oxybenzoic acids, only salicylic acid yields an anhydride on heating. 
,0H 



C0H4C 



^CO.OH 



= CgH.i 






.0 -I- H,0. 



It therefore appeared to Meyer more probable that oxybenzoic 
acid belongs to the series 1, 3, and of this he discovered the 
proof; for Barth had shown that sulphobenzoic acid when fiised 
with caustic potash only yields oxybenzoic acid," whilst on heating 
it w4th sodium formate, Meyer obtained isophthalic acid,* which 
b also formed when ordinary bromobenzoic acid is employed in 
place of the sulphonic acid.* 

He also proved that the crystallized dibromobenzene belongs 
to the para-series, inasmuch as when acted upon by sodium 
and methyl iodide it is converted into paradimetbylbcnzene, and 
this body yields terephthalic acid when oxidized. 

Of the three known nitrotoluenes the sohd one yields on 
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oxidation paraoitrobeDzoic acjd (oitrodracylic add). Tlie second, 
liqiiid one, ;yield8 common or metaaitrobenzoic acid, and the 
third, also a liquid body, is decomposed completely, a property 
characteristic of the ortho-compounda, wliich are eitlier scarcely 
attacked by oxidizing agents, or ebe completely burned. Hence 
there can no longer be any doubt respecting the classification of tbt^ 
nitrobenzenes and of the toluidenea which are formed from them. 
The three dimethylbenzenes or xylenes were also known at 
the time referred to. It haa been already stated that one yields 
on oxidation terephthalic acid, whilst the second is converted 
into iaophtLalic acid, the third, or orthoxyltue, being entirely 
decomposed. Finally, by the dry distillation of two diamiiio- 
beozoic acids, Griess obtained the third diamidobenzeue, which 
np to that time had not been prepared, and this was naturally 
considered to be a meta-compound. The following table exhibits 
the views respecting the constitution of the di-substitution 
products which were held about the year 1870 ; only some of the 
compounds contained in the table on p. 35 being mentioned : — 





OMirnaiia. 


-"n'^ 


P>n.Mil«*. 


C,H.B,, 


- 


- 


M.P. 89-. 


C,H,(!I0,1, 


__ 


_ 


DiuitTobennna. 


C,H.(NOJBr 


BromouitrobGQzeDe 


BromoeitTobciueDe, 


Brotn onitrobciiMiic, 




M.P. 12fl*. 


M.P. 41°-B. 


M.P. SB", 


Ca/NHJBr 






PirabromBiiiliae, 




aniline. 


from bromonitro- 
benxene. 


from dinitrobeii- 


C.H/KH,), 


nl6llv^elled!llmin^ 


Phenylonodiamine, 
M.P. 9B°. 


Paraphenyleae- 




M.?. U7'. 


diamine. 








M.P. fl3*. 


CAIIOH) 










from phtnol. 


from plienoL 




•ViOB), 


HydroquinoBe. 


PyrocaWchin. 


Itesorcin. 


C,H.Bt(CH.) 






Parabromotolaene. 


C,H,{SO,)CH, 


Nitrotolene. fiom 




Paranilrotoluene; 




toluene (licjuiil). 




from toluene (aoUd). 


C,B.(1IHJCH, 


Orthotaliudina 


Malatoluiilina 






{liquid). 


(liquid). 


(solid). 


CH.C1.C0^ 






Oilorodraeylic Miil. 


C.H.BiCO,H 


— 




Bromodncylic »ciil. 


C.H.(NH,)CO,H 


Antlmnilic acid. 




Amidodmoylio icid. 


q,H.(OH)CO^ 


Salicylia acid. 


Oiybenaoic «dd. 


Parn-Dxybeiutoia 
acid. 


CWCH,), 


Orthoiylcne. 


Mcloiylena. 


Purexylclie. 


OA(CO,H), 


FUthaUc »cid. 


Isophtludic Kcid. 


TerephlhaUc scid. 
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935 "^^ arrangement of the compounds mentioned in this 
table was chiefly foimded on experimental evidence, and those 
compounds for which this was not the case were classified from 
analogy. But, notwithstanding this, many emendations were 
soon found necessary. Thus the para-derivatives of benzene, 
with the exception of paradibromobenzene and resorcin, had 
not been brought into close connection with the para-deriva- 
tives of toluene or of benzoic acid. Petersen then showed that 
the two nitrotoluenes, of which the one yields on oxidation 
orthonitrobenzoic acid and the other paranitrobenzoic acid, yield 
on further nitration the same dinitrotoluene, and for this reason 
the nitroxyls must occupy the meta-position : 



Orthonitrotoluene. 


Paranitrotolaene. 


Dimtrotoluene. 


CH3 


CH, 


CH3 


(yo. 




/\no. 




NOy 


NO,. 



Now, dinitrobenzene so closely resembles dinitrotoluene that 
an analogous position of the nitroxyls may well be assumed 
in both compounds. If this be correct, dinitrobenzene and the 
compounds connected with it must also belong to the meta- 
series. The same chemist then proved that the phenylene- 
diamine melting at 99^ is not a meta-compound but belongs to 
the ortho-series. 

Anisic acid, or methylpara-oxybenzoic acid, CeH^(0CH3)C0jH, 
yields nitranisic acid, in which the nitroxyl can only occupy the 
position 2 or 3 = 6 or 5. 

OCH3 
6^X2 
I I 

COjH. 

By heating nitranisic acid with ammonia Salkowski obtained a 
nitro-amidobenzoic acid : 

CeH3(NO,)(OCHj)C02H + NH, = 
CeHs(N0,)(NH,)C0,H + CH,OH. 

By means of the diazo-reaction the amido-group can be replaced 
by hydrogen; in this way metanitrobenzoic acid is obtained. 
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and from this it follows that the ahove-moutioned aitro-aniido- 
benzoic acid haa tht following conslitutittji : 



(f' 



By reducing Ihis, cIianiidobeii!!(.)ic acid, C^H^Ct^TK.^fiO.^'K. is 
formed, and if carbon dioxide be then eliminated, orthodiaraido- 
benzene or phenjlenediaimDe is obtained, a body melting at 
yii". Meyer and Wurster, as well na Salkowski. had shortly 
before come to the conclusion that this belongs to the series 1 ; 2. 
The same substance is also obtained from the broraonitrobenzene, 
CjH,(NOj)Br, melting at 41°-5, by heating it with ammonia, 
when it is converted into nitraniline, and reducing this. The 
same nitrobromobenzene when heated with caustic potash yields 
a nitrophenol melting at 45" ; this may be converted into amido- 
phenol and afterwards into chlorophenol, which latter on fusion 
with caustic potash yields pyrocatechin, CoH,(OH)j, which, 
therefore, is orthodioXy benzene. 

936 The nitroxyl in the bromonitrobenzene melting at 126° 
can he replaced by bromine, paradibromobe.nzene being formed ; 
hence broraonitrobenzene is a para-compound. When heated 
with caustic potash it gives a nitrophenol which melts at 115°, 
yielding on reduction an amidophenol, which, like plienylene- 
diamine, yields quinone on oxidation. This same pai-anitro- 
benzenc can also be obtained from the nitraniline, which melts 
at 146°, and which, according to Hofmann, also yields a lai^e 
quantity of quinone. Hence, then. Petersen concluded that all 
these compounds, and therefore hydroquinone, belong to the J 
scries I : 4. 

From this and former statements it follows that resorcm 1 
ought to be classed in the 1 : 3 series, for it can be obtained 
from dinitrobenzene, which, according to Petersen, is a meta- 
compound. Now, resorcin ia also formed by fusing benzene- 
disulphonic acid with caustic potash ; but tliis acid yields 
on heating with potassium cyanide the nitrile of terephthalic 
acid, which latt«r is undoubtedly a para-compound. This 
contradiction was explained by Petersen by the supposition 
that, «n fusing the sulphonic acid with caustic potash intra- 
molecular changes take place ; and this idea is borne out in 



maoy cases by eacperiment, especially where the reaction requires 
a high temperature. 

Wurater next prepared the diamidobenzeiie melting at 63° by 
oudizing the above-named dinitro toluene to form a dinitro- 
beozoic acid, which on reduction and elimination of carbon- 
dioxide yielded this diamidobenzene, so that there can no doubt 
tiiat it ia a meta-compound. 

Moreover, Wurster and Ambiilil showed that this body, like 
orthodiamidobenzene, can be obtained from two different 
diamidobenzoic acids, whilst the para~compound 



corresponds to only one such acid. 

Salkowski also concluded that the common pbenylene- 
diamine is metadiamidobenzene, and he proved that bydro- 
quinone belongs to the same series as para-oxybenzoic acid. He 
reduced the methyl ether of the nitrophenol melting at 115°, or 
nitro-ajiisol. CaH,(NO JOCHj, to amido-anisol, CflH/NH,)OCH„ 
substituted in this, the amido-group by bromine, and then, by 
means of sodium and methyl iodide, replaced this bromine by 
methyl, thus obtaining a cresolmethyl ether, C9Hj(CHs)OCH3, 
which on oxidation yielded anisic acid. He then converted 
the amido-anisol into a diazo-compound, and decomposed this by 
water, when metliyl was eliminated, and hydroquinone formed. 
It follows from this that the hydroxyls of hydroquinone and 
therefore the oxygen atoms of quinone occupy the positions I ; 4. 
The constitution of this latter body is, therefore, expressed by 
one of the following formula : 



C 

HCOCH 

I I II 
HCOCH 

%!/ 
CH. 



CO 

/\ 

HC CH 

II II 

HC CH 

\/ 

CO. 



Which of these ia the more probable we shall leam hereafter. 

From the results of these and similar investigations it follows 
that the former table must be revised as below, only a portioa 
being here given and the lacunte being filled up : — 
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CH.Br, 


KM. B.P. 224°. 


i»ae, B.P. 2ir. 


M.P. 89^ 


CAPtO.), 


OrthodinitroboD- 
zene. M.P. 118". 


M.P. 89'-8. 


M.K 172". 


CH«(KOJBr 


Ortliobremnnitro. 
baioiuic. M.P.*1'B. 


Metabroraonitroben- 
wne, U,P. SS"-*. 


Parabromonittobcn' 
i»nc, M.P. 126'. 


C,H,!Nty, 


lene, M.P. 99'. 


»ne. M.P. 63'. 


M.P. 147'. 


C^I.OB), 


h!p^ioi°. 


ReiorciD, 
M P. 110". 


"M.P. 189'. 


CABrtCH.) 


B.P. U2\ 


B.F. 18*'. 


M.P. a8°'3. 


C,H.(NOJCH, 


Ortbonitrotoluene, 
a P. 223'. 


MetajiitrotolneDe. 
M.P. 16\ 


M.P. B*'. 


C^SHjjCH, 


OrthoWnidine, 
B.P. ISfl'B. 


Mrtatoluidine. 
B.P. 197'. 


Pmtoluidine, 
M.P. 46'. 


q,HkOH)CO^ 


Stlicylk arid. 


Meto-oxybeniai.^ 
uid, H.P. 200'. 


Para-o%ybenK>ic 
aoid, M.P. 210°. 


C,R,{CH,k 


Orthoiykno, 

a P. 140*. 


MetATTlme, 
B.P.1B7'. 


Paraxyiene, 
B.P 187'. 


C.H^CO,H), 


Phth.lic acid. 


Isophthalic aci.i. 





937 So far all attempts at orientation had been directed to- 
wards placiQg the compounds in genetic connection with one of 
the phthalic acids. We have already seen that the constitution 
of terephthalic acid and of the para-serieB connected with it had 
been placed on a Biire foundation. 

On the other hand, the views concerning the constitution of 
phthalic and isophthalic acids rest^'d on hypotht-ses which had not 
been verified. As common phthalic acid is the only one which 
yields an anhydride, it was assumed that in this the carboxyls 
occupy the adjacent position. But a simUor argument was em- 
ployed to show tliat the hydroxyls in hydroquinone also occupy 
the same poaitiim, and this conclusion wrta proved to be erroneous ; 
hence the argument lost weight in the caso of phthalic acid. 
The conclusions based upon the constitution of naphthalene 
stood on a Brmer basis, but it still was a question whether they 
were finaL 

The ca^e of isophthalic acid is a similar one : its constitution 
depends upon that of mesitylone in which we know that the 
three methyls are contained in symmetrical position, or, what is 
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the same thing, that the three hydrogen atoms in direct cotu- 
bioation with the nucleus are of equal i-alue. Ladenhurg proved 
this aa follows : — " Let us indicate the three hydrogen atoms 
by the letters a, b and c, and assume that in dinitromesJtylene, 

C,(CH^gNOjCNOj)H, a and 5 are replaced by nitroxyl, and that 
by partial reduction b is converted into an amido-group ; we then 

obtun the formula NOjNHjH for amidonitromesitylene. Now, 
the hydrogen atom marked c in this may be replaced by 
nitrosyl, and the amido-group by hydrogen, a dinitromesitylene, 

having the formula NO^HNOj, being thus obtained, and as this 
is identical with the former one, it is clear that the hydrogen 
atoms b and c are of equal value. 

Supposing now that the amido-group in amidonitromesitylene 
be replaced by hydrogen, we obtain nitromesitylene, which on 

reduction is converted into amidomcBitjlene, NH^HH. If this 

body be nitrated only one amidonitromesitylene, NHjNO^H = 

• » c 

NHjHNOp can be formed, aa both b and c are of c({ual value. 
The compound thus obtained proves, however, to be identical 
with tlie amidonitromesitylene, having the following formula; 
NOjNH^H. Hence the hydrogen atoms « and b are also of equal 
value, or the three hydrogen atoms belonging to the aromatic 
nucleus of niesitylene are of equal value." 

938 Before Ladenbui^'s memoir appeared, Komer published 
a valuable research on the isomerism of the aromatic compounds 
containing six atoms of carbon.' In this he criticised the methods 
of orientation then in vogue, founded on the constitution of 
the three phthalic acids, of raesitylene and of naphthalene, &c. 
He expressed doubt whether the constitution of these com- 
pounds was ascertained with sufficient certainty to serve as a 
foundation for orientation and he, therefore, doubted the con- 
clusions and experiments by which the acids containing eight 
atoms of carbon were brought into connection with the di- 
substitution products of benzene obtained by direct methods. 
Komer prepared 126 new compounds, and in addition revised 
all the researches which had hitherto been published, especially 
those concerning the simplest benzene derivatives, in the 
preparation of which it happened that the formation of two or 

1 Oaa.Ckivt. llal. li7i,i05;JaArt>b. 1S75,!«9; Jmira. (T&m.^M. 1S7S.i.S01. 
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three isomerides had been overlooked. Assuming the equal 
value of the hydrogen atoms of benzene, he employed a method 
of orientation depending on the following principles : 

An ortho-compound (1 : 2) with similar substituents can yield 
two tri-derivatives, when a third hydrogen atom is replaced. 
Under the same conditions a meta-compound (1 : 3) yields three 
tri-derivatives; whereas a para-compound can only yield one. 
In this case, where the entering element or radical is identical 
with the two already present, only three substitution products 
can be formed; but when a different element or radical is 
introduced, six may be obtained, as is seen &om the following 
table: 




\/"' 



Br 
/\|Br 



Br 

/\Br 
B 

Br 



Br Br 

/\Br /\. 

NO, 



\Br 




\/Br 





\/^ 



Br Br Br 

NO, 



Br 

I 

Br 




Br 



/y^o. 



Br 



From this it follows that the dibromobenzene which yields 
three tribromobenzenes or three nitrodibromobenzenes, and which, 
on the other hand, is formed from three dibromanilines, by 
elimination of the amido-group, contains the bromine atoms in 
the position 1 : 3. 

Orthodibromobenzene having the position 1 : 2 can only yield 
two tribromobenzenes or two nitrodibromobenzenes, and can be 
obtained only from two dibromanilines. Lastly paradibromo- 
benzene (1 : 4) can only be obtained from one dibromaniline 
and yields only one tribromobenzene, and only one nitrodibromo- 
benzene. 

Now, the solid dibromobenzene, melting at 89°, yields only one 
nitro-derivative ; ^ the liquid compound obtained together with 

^ Zincke and Sintenis, Ber, Deutach. Chan. Ot». vi. 123. 
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the former by the action of bromine on benzene ^ yields, on the 
other hand, two ; and the third, obtained by Meyer and Stiiber 
from dibromaniline,' forms three nitrodibromobenzenes. 

Komer showed, moreover, that when the dibromobenzenes are 
frirther brominated, the above conditions are fulfilled, so that the 
solid corresponds to one ; the liquid, formed at the same time, to 
two ; and the third to three dibromanilines. Solid dibromoben- 
zene is, therefore, (1 : 4) ; that obtained by Riese, (1:2); and that 
prepared by Meyer and Stiiber, (1 : 3). No. 1 corresponds to 
hydroquinone, No. 2 to pyrocatechin, and No. 3 to resorcin. 

939 In a similar way Komer has determined the constitution 
of a large number of compounds, and this without reference 
to the views respecting the positions of the carboxyls in the three 
phthalic acids. Almost at the same time Griess employed the 
same principle to ascertain the constitution of the three diamido- 
benzenes, by preparing them from the six diamidobenzoic acids 
by elimination of carbon dioxide : 

CO,H COjH COjH 

nhI /I V'nh^. '\/'nh,. 

nh,. 

CO^H CO^H COjH 

nh.^/\nh,. /^ r'Y^' 

NH,. 

From the first of these he obtained paradiamidobenzene melting 
at 147°, the two next yielded orthodiamidobenzene melting at 
99^ and the last three gave rise to common metadiamidobenzene 
melting at 63°.* 

In close connection with these researches Nolting has given 
a direct proof of the constitution of phthalic acid.* We have 
already seen that dinitrotoluene has the follo^fing constitution : 

CH3 
.NO, 




* Riese, Bet. Deuisch, Chcm. Ges. ii. 61. • Mever and StUbcr, ibid. v. 52. 
» Meyer and Stiiber, ibid. vii. 1226. < R. Meyer, Hinl. Armn. Verb. 78. 
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This is deduced from the facts that it has been obtained by 
the further nitration of the two raouonitrotoluenea obtained 
directly from toluene, of which the soUd one yields paranitro- 
benzoic acid on oxidation, and that it was converted by Wurster, 
by reduction and elimination of metliyl, into ordinary met- 
amidobenzene. From this it follows that the hquid nitrotoluene, 
and therefore the orthotoluidine obtained from it, contain the 
aide chains in the position 1 : 2. This latter substance, however, 
Weitb converted by means of the mustard-oil reaction into 
orthotoluic acid, CgH,(CHj)CO^, which on oxidation with 
potassium pennanganate yields phthalic acid; this substance 
must therefore also contain the carhuxyls in the position 1 : 2. 

Kekul^ had previously converted orthotoluidine into ortho- 
iodotoluene and obtained orthotoluic acid from it by Wurtz'a 
reaction, while by oxidizing this iodotoluene he obtained 
iodobenzoic acid, CoH,I(COjJI}, which when fiised with caustic 
potash yielded salicylic acid.' 

Another very simple proof of the constitution of the phthalic 
acids has been given by Nolting,* using the metliod of Konier 
and Grieas (see page 46). These acids are readily obtained by 
oxidizing the corresponding xylenes with potassium perman- 
ganate. Now isoxylene yields three mononitroxylenea, orthoxy- 
lene two, and paraxylene only one. It follows from this that 
the side chains in isoxylene, and, therefore, in isophthalic acid, 
have the position 1 : 3, in orthoxylene and orthophthalic acid 
t : 2, and in paraxylene and paraphthalic acid, 1 : 4. 

940 Adopting the principles of orientation above explained, 
many chemists have extended their researches in this direction, so 
that the constitution of the more important di-substitution pro- 
ducts of benzene is now known with a great degree of probability. 
As, however, higher substitution products can be obtained from 
these by simple reactions, and these again can easily be re- 
converted into di-substitution products, as has been shown above, 
it is clear that the constitution of a large number of aromatic 
compounds containing three or more side chains is also known. 

For the further consideration of this point we must refer to! 
tlie special description of the compounds. 

941 In the case of peuta- substitution products which contain 
identical elementa or radicals, as in that of mono-substitu- 
tion derivatives, no isomerides occur. From this we may con- 
clude that the six hydrogen atoms of benzene are of equal value. 
But this conclusion ia here founded on negative evidence only, 

' Ber. Deutteh. C/ifoi. Oa. vii. 1008, * Ibid. iTiiL 2887. 
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and it is of importance that it should be proved directly. 
For thia purpose Ladenburg adopted the same principle as 
that which he employed for proving the equality of the three 
hydrogen atoms of mesitylene.* He first showed that two of 
the hydrogen atoms of benzene occupy a symmetrical position 
with regard to a third atom ; or, in other words, that it is im- 
material whether one or other be replaced by a radical or element, 
inasmuch aa the bodies thus obtained are identical. 

HUbner and Petermann ^ found that when ordinary bromo- 
benzoic acid is nitrated, two isomeric bromonitrobenzoic acids are 
formed, in which the nitroxyl, therefore, occupies two different 
positions, a and h : 

C(,H,BrCNb^COjH ; CjHjBrCNO^COjH. 
Both bodies are converted by nascent hydrogen into anthra- 
nilic acid, bromine being replaced by hydrt^en and the nitroxyl 
being reduced to the amido-group. Hence it follows that botb 
a and b occupy a symmetrical position as regards the carboxyL 

But as regards the hydrogen atom replaced by carbosyl, there 
exists another pair of symmetrically placed hydrogen atoms. 
Thus, it has been shown by Wroblewski* that if one atom 
of hydrogen in paratoluidine be replaced by bromine, a 
bromotoluidine is obtained, which is converted by the diazo- 
reaction into metabromotoluene, and that tiiis on oxidation yields 
metabromobenzoic acid. This bromotoluidine also yields a 
nitrobromotoluidine, and this by the same reaction is converted 
into a nitrobromotoluene, yielding on reduction an amidobromo- 
toluene, in which the bromine can be replaced by hydrogen. 
A toluidine is thus obtained, and it is found that this yields 
by means of the diazo-reaction the same bromotoluene which, 
aa has been described, was obtained from paratoluidine. 
, Parabromotoluidina. 

a b e d t / 

CflHHHBr(CH,)NHj, 



M etabromotolnene. 
C,HHHBr(CHJH. 

MeUbromolieiixoic Acid. 

C.HHHBr(CO,H)a 

N i troliromoto] u id ine. 

C,HH(NOJBr(CHJNH,. 

NitrobromotolueDe. 
CflHH(NO^Br(CH,)H. 
' Jler. DcvUeh. CJum. Qit. ii. 140. 



' Ibid. cliTiii 163 ; 



AinidDbromotaluent. 

C,HH(NHJBr(CH,)H. 

Amidotolnene. 

C,HH(NHJH(CH,)H. 

Uptabromatolaene. ' 

CjHHBrHCCHja 

Motabrnmolwnioio Acid. 

CoHHBrH(COjH)H. 

hirtn. Pharm. HB, 1211. 
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This proves that the positions c and d lie Bjmmetrically as 
regards the methyl or carboxyl. 

HUbner and Petermaou commenced their experiments with 
the same bromobenzoic acid which Wrobtewski obtained by 
oxidizing hromotoluene. But as the two nitrobenzoic acida 
contain the two nltroxyls placed symmetrically, with regard to 
the carboxyla, and as the acids obtained by Wroblewski contain 
two bromine atoms in the same positions, it ia clear that two 
pairs of hydrogen atoms exist in benzene, which occupy a 
symmetrical position with regard to the fifth atom, whilst the 
sixth atom occupies an isolated position. 

As Hiibner and Petermann obtained anthranilic acid, or 
orthoamidobi3n2oic acid, but Wroblewski metabromobenzoic 
acid, we conclude that there are in benzene two symme- 
trical ortho- and meta-positions, whilst the para-position only 
occurs once. 

94* Ladenburg has brought forward another proof for which 
we must refer to the original memoir.* He further showed that 
four hydrogen atoms in benzene are of equal value. 

Phenol, CjHgOH, which occurs in large quantities in coal-tar, 
when acted upon by phosphorus pentabromide is converted 
into bromobenzene. O^HjBr, and this, by the action of sodium and 
carbon dioxide, into benzoic acid : 

C^HjEr -I- Na, + CO, = C„Hs.COjNa + NaBr. 

Tlie hydrosyl, therefore, has the same position a in the phenol, as 
the carboxyl in the benzoic acid. lu'this latter, however, hydrogen 
can be replaced by hydroxyl, and thus the three isomeric oxyben- 
zoic acids can be obtained, in which the carboxyl occupies the 
same position as in the benzoic acid and phenol; whilst the 
hydroxyls replace different hydrogen atoms of the benzoic acid ; 
these we may designate by b, c, and d. All three oxybenzoic 
acids, however, yield phenol with elimination of carbon dioxide ; 
and this is identical with that found in coal-tar; hence the 
positions, a, b, e, and d, are of equal value. From what has 
been said, however, we may conclude that of the three last, no 
two can occupy a symmetrical position with regard to a. 
Hence we must come to the conclusion that all six hydrogen 
atoms of benzene are of equal value; and furtht-r, that one 

viii. lG6a ; Theoric Arotn. f'trfi., Viewcg 
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hydrogen atom corresponds to two symmetrical pairs, and this 
is indicated in the formula of benzene : 



6 





4 

The symmetrical pairs to (1) are 2 : 6, and 3 : 5 ; to (2) 1 : 3, and 

4 : 6, &c. With reference to (1) the positions which occur 

twice are : — 

1:2 = 1:6 

1:3 = 1:5 

The position 1 : 4 only occurs once. 



THE CONSTITUTION OP BENZENE. 

943 According to Kekul6 the constitution of benzene is 
expressed by the following formula : 

CH 

CH. 

Soon after this formula had been proposed, other chemists gave 
their views concerning the constitution of this compound and 
expressed them by certain graphical formulae. Of these the 
following may be mentioned : 






Fio. B. 



Fio. C. 



Glaus proposed the formulae illustrated by Figs. A and B, giving 
the preference to the former of these ; ^ a similar formula was 

* TheoreL Betraeht, System. Org, Chemie, Freibr. 1867. 
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suggested by Komer, which cannot, however, be represented on 
a plane surface, but may be readily put together by means of 
Kekul^'s glyptic models. According to Komer's view, and 
in accordance with Claus's first formula, each carbon atom is 
directly combined with three others. The former assumes that 
the carbon atoms a, e, e, and b, d,/, lie in two parallel planes.^ 
Claus's second formula is identical with that proposed by Laden- 
burg (Fig. c), except that the latter assumes an arrangement 
in space of the six carbon atoms, in supposing that they lie in 
the angles of a three-sided prism.^ 

According to Claus's first formula only two isomeric di- 
substitution products can exist, and for this reason we need not 
further consider it.' Ladenburg raises an objection to Kekul^'s 
formula inasmuch as it requires, not three, but four isomeric 
substitution products, the positions 1 : 2 and 1 : 6 not being 
perfectly identical ; for it is clear that two substituents occupying 
the position 1 : 2 are combined with two carbon atoms which 




are connected together by single linkage, whereas between the 
positions 1 : 6 the carbon atoms are doubly linked. The ques- 
tion whether 1 : 3 is equal to 1 : 5 is a simpler one and may be 
answered in the affirmative. 

Ladenburg thinks that if the. first two positions are identical, 
the two crotonic acids must also be identical : 

CH CH 



OH CHj 

CO^H. 00^. 

But this argument is not unanswerable, as the diflference observed 
does not merely depend on the arrangement of the linkage of 
the carbon atoms, but also on the distribution of the hydrogen 
among the carbon atoms. 

* Komer, loc. cU, 

« Ber, DnUsch. Chen. Qu, ii. 141, 272. 

* Compare Claus. ibid, xv. 1405 ; R. Meyer, ihid, 1823. 
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Victor Meyer opposed Ladenburg'a view, insisting that the 
difference between the positiona I : 2 and 1 : 6 was not brought 
about by a variation in the position of the atoms, but only by a 
varying arrangement of the combining units of the carbon, and, 
that it was of bo very subtle a character that it was doubtful 
whether such minute differences could exert a perceptible 
iuHuence on the properties of the compound.' 

944 In reply to these remarks,* Kekuld says that the apparent 
difference between the positions 1 : 2 and 1 ; 6, originates rather 
from the model employed than from the ideas, of which this 
model affords only an imperfect representation, and in order to 
show that no such difference exists he brings forward the 
following hypothesis.* The atoms in the systems which we 
call molecules must be assumed to be continually in motion, 
but hitherto no explanation as to the nature of this intra- 
molecular motion has been given, which of course must be 
in accordance with the law of the linking of atoms. A planetary 
motion seems, therefore, inadmissible ; the movement must be 
of such a kind, that all the atoms forming the system retain 
the same relative arrangement ; in other words, that t.hey return 
to a mean position of equilibrinm. The most probable assump- 
tion, and one which is in accordance wiih the view held by 
physicists, is that the motion of the atoms takes place in 
straight lines and that on striking each other, they recoil like 
elastic bodies. What we call valency would then be nothing 
but the number of contacts experienced by one atom with 
other atoms in the unit of time. In the same time 
that the monad atoms of a diatomic molecule like Hj strike 
each other once, the dyad atoms of a diatomic molecule come 
in contact with each other twice, the temperature in both cases 
being the same. In a molecule consisting of one dyad and two 
monads, as H^O. the number of contacts in the unit of time 
is 2 for the former and 1 for each of the latter. 

If two atoms of carbon are linked together by one combining 
unit of each, they strike against each other once in the unit of 
time, or in the same time in which monad hydrogen makes a 
complete vibration ; during the same time they encounter three 
other atoms. Carbon atoms linked together by two bonds 
of each come in contact twice in the unit of time, and enoooater 



' j^sn. Chem. Fham. elvi. 2BS ; clii. 24. 

' Jbid. cliil. "7 : Jourv. Chan. Sec. 1872, 618. 

• Ann. Chaa. Pharm. cliii. 8B. 
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during the same time two other atoms. Applying these views 

to benzene we come to the following. Each carbon atom 

strikes against two others in the unit of time, once against the 

one and twice against the other. In the same unit of time it 

comes once in contact with the hydrogen atom, which during 

the same period makes a complete vibration. Accordingly in 

the graphic formula 

HC=CH 



/4 S 



i] 



HCs 2CH 

the contacts of the atom 1 in the unit of time may be thus 
represented, if h stands for hydrogen : 

1 : 2, 6, A, 2. 
In the second unit of time they are : 

2 : 6, 2, A, 6, 
which would be represented by the following formula : 

HC— CH 

HC6 jCH 

Hcf=6H. 

The same carbon atom is therefore, during the first unit of time, 
linked to one of the adjoining ones by one, and during the 
second unit of time by two of its combining units ; and vice tersd 
with regard to the other adjoining carbon atom. 

The variation of these contacts undergone by a carbon atom 
exhausts itself in these two units of time ; its sum, viz : 

2, 6, A, 2, 6, 2, A, 6 

represents the whole series of possible contacts under these 

circumstances, and therefore repeats itself continually. From 

this it is evident that the carbon atom strikes against the two 

others, with which it is directly combined, an equal number of 

times, i.e. that it bears the same relation to both. The ordinary 

graphic formula only represents the contacts made during the 

first unit of time, and thus the view has sprung up that in 

the di-substitution products, the positions 1, 2, and 1, 6, must 

produce diflTerent compounds. If the above, or some similar 

conception be correct, it follows that no real difference exists. 
210 
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945 Michaelis opposed Eekul^'a views, which, according to him, 
possess, from physical considerations, little probability, especially 
frt>m the point of view of the kinetic theoiy of gases, as ac- 
cording to this, the square of the velocity of the atoms at equal 
temperatures is, in a perfect gas, inversely proportional to the 
atomic weights. Hence it follows that hydrogen atoms have 
the greatest velocity, but according to Kekul^ they impinge less 
often than the oxygen atoms for example, and hence they must 
describe a much larger orbit than these ; and further, their mole- 
cules must be larger than those of the oxygen. But, according 
to the kinetic theory of gases, the hydrogen molecules are only half 
as large as those of oxygen and are probably the smallest of all 
the gaseous molecules. Eekul^'s ideas on atomic motion cannot, 
according to Michaelis, be regarded as representing a stable 
condition of dynamical equilibrium, and are moreover improbable, 
because then benzene should readily decompose into three 
molecides of acetylene.* 

In comparing the formulae of Eekul^ and Ladenburg, we 
find that both explain equally well the formation of benzene 
from acetylene, and of mesitylene from acetone, as well as the 
formation of addition-products; in both cases the existence of 
a closed ring of six carbon atoms is assumed in which each 
atom is connected with two others by a single bond. 

Ladenburg's formula also explains the equal value of the six 
hydrogen atoms, besides showing as clearly as Kekul^'s the 
existence of the three isomeric di-substitution products. If we 
number the six angles of the prism, or, to simplify matters, those 
of Claus's hexagon : 



1 

6 




^ 




we have : 

1:2 = 1:6 = Meta. 
1:3 = 1:5 = Ortho. 
1:4 = Para. 

This is also easily shown by employing the proof given by 
Komer : 

* B€T, DetUteh. Chem, Ota. y. 468. 
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Br 





'Np^ 



Br 





Br 





Br 
Br 





B 



r 



Br 



In the case of the triderivatives we obtain the following results, 
similar to those previously obtained : 




1:2:3 adjacent, 
1:3:4 asymmetrical, 
1:2:6 symmetrical. 

If we assume that one of the triangular faces of the 
prism be revolved in its plane through 180°, whilst the other 
remains in its original position, and at the same time the figure 
thus obtained be projected on the surface whose position has 
been unchanged, the following graphic formula is obtained : 




This possesses the advantage that the numbers have the same 
meaning as in Kekul^'s formula, and otherwise expresses all that 
the prism formula can. 

94^ Physical Methods. — An attempt has recently been made 
to determine the constitution of benzene by physical methods. 
Brlild has investigated the refractive power of compounds 
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containing carbon in single, double, or treble linkage, and has 
arrived at the conclusion that benzene contains three doubly- 
linked carbon atoms ; hence he considers the accuracy of Kekul^ s 
views to be proved.^ 

Lessen and Zander arrived at the same conclusion from in- 
vestigations on the specific volume of certain hydrocarbons,* whilst 
Julius Thomsen, in determining the heat of combustion of similar 
bodies, arrived at the opposite conclusion ; for according to him 
benzene contains nine single links, and, therefore, Ladenburg s 
formula is correct.* Further investigations must decide whether 
the question can thus be solved. 

Another interesting observation which seemed likely to afford 
satisfactory proof has also failed. An acid termed carbox3rtartronic 
acid, C^H^Oy, is obtained by the action of nitrous acid on pro- 
tocatechuic acid, CgH3(OH)2C02H,* or catechol, CgH^(0H)2.* 
This acid is very unstable in the free state, quickly decomposing 
into carbon dioxide and tartronic acid, and for this reason Qruber 
and Barth proposed for it the following constitution: 

CO^H 



HO— C— COjH 



CO,H. 



According to these chemists it contains one carbon atom in direct 
linkage with three others, and as it is formed by a simple reaction 
it appeared very probable that this form of linkage also occurred 
in the aromatic nucleus, as expressed by the prism formula. 

Kekul(3, however, showed that the correct formula of this acid 

is C^H^^Og, and that it is not a tribasic but a dibasic acid, which 

on reduction yields racemic acid together with inactive tartaric 

acid. Kekul(5 then obtained it as a decomposition product of the 

so-called nitrotartaric acid, CoH2(ON02)o(C02H)2. Its constitution 

is, therefore, as follows : 

COjH 



^\0H 



^\0H 



COgH. 

^ Lichig*8 Ann. cc. 93. ^ Ihid. ccxxv. 119. 

• Ber. DeuUtch. C?iem. (ha, xiii. 1808. * Gmbcr, ibid, xii. 614. 

' Barth, Monatsch. Chein. i. 869. 
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and it is dioxytartaric acid or tetroxy succinic acid.' Although 
its constitution does not exactly contradict the truth of the 
prismatic formula, its formation from catechol ia certainly 
more easy to explain if we aasume the hexagon formula for 
benzene. 

947 The same is true for the formation of another acid obtained 
by Carius by acting with chlorous acid on benzene, and afterwards 
investigated by Kekul^ and Strecker* who have found that it 
ia ^-trichloracetylacryhc acid, CClgCO.CH=CH.COjH, for on 
warming with baryta-water it decomposes into chloroform and 
raaleic acid : 

CgHjCljOj + H,0 = C.H.O^ + CCI3H. 

It combines with bromine, forming trichloracetyldibromo- 
propionic acid, CCljCO.CHBr.CHBr.COjH, which on boiling 
with lime-water is converted into chloroform and inactive 
tartaric acid. 

^■trichloracetylacrylic acid is not obtained from benzene by 
a simple reaction, as several by-products are formed, amongst 
others, chlorinated quinones. The acid is produced by the 
action of chlorous acid on quinone, and its formation is most 
simply explained by the supposition that monochloroquinone yields 
it, according -to the following equation : 



CO 


CO 


HC/\CC1 


HC/^CCI, 


\Jin ' ^'='°'« 


- II 


HC^ 


00 


CO.OH 



If we attempt to explain this reaction by means of the prism 
formula, KekuliS and Strecker have shown that if we do not 
meet with insuperable difficulties we are, at any rate, surrounded 
by distinct improbabilities. " We must then assume that five 
single links of carbon are liberated, three by the se[)aration of 1 
the carbon atom which is set free and separates out. This cannofefl 
be said to be remajkable, but two other links are liberatedW 
GO as to form the normal chain of carbon atoms wlijch is con- 
tained in ^-trichloracetylacrylic acid." Hence the improbable 
supposition must be made, that a double linkage of the carbon 
fttoms ia brought about from a single linkage uuder conditions 
in which we should rather expect to find the formation of a 
' Liibig't Ann. ccxxi. 230. • Ibid. ccxiiiL 170. 
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single from a double linkage. If the formation of the above- 
named acid does not prove the truth of Kekul^'s views concern- 
ing the constitution of. benzene, it renders this view certainly 
far more probable than any other which has hitherto been given. 
In most cases a simple hexagon can be used to explain the 
constitution of the benzene derivatives, and we imply by this 
either Kekul^'s formula or the star prismatic formula. 

948 Eekul^'s formula has, moreover, the advantage of satis- 
factorily explaining the constitution of naphthalene, C^^^Hg, 
phenanthrene, Ci4Hi^ and other hydrocarbons which contain more 
than six atoms of carbon in aromatic linkage. Of these bodies we 
shall speak at length in a. subsequent portion of this treatise. 
We only wish to point out that they are derived in several ways 
from benzene, viz : — 

1. The hydrogen in benzene can be replaced by phenyl : 

Phenylbenzene CgHg.C^Hu 

Diphenylbenzene .... CgH4.(CgH5)2 
Triphenylbenzene .... C^li2l(C^Ji^^ 

» 

Compounds are also found containing alcohol radicals as side 
chains : 

Phenyltoluene CeHg.CeH^.CHj' 

Methylphenyltoluene . . . CH3.CgH^.CgH4.CH3 

2. In others the aromatic nuclei are not combined directly but 
through a carbon atom : 

Diphenylmethane .... CIl^{CJEL^^ 
Triphenylmethane .... CH(CgH5)j 
Diphenylethane CH3.CH.(C^5)j 

f C H 

Phenyltolylmethane . . . CHj-< Q^ij^rjH 

3. The aromatic nuclei are united by two carbon atoms : 

Dibenzvl CjHj.CHs— CHyCeHj 

Toluylene CjHj.CHrrCH.CgHj 

Tolane CjHj.C=C.C,H5 

Tctraphenylethane .... (CgHj),CH:— CH(C^j), 

Ami to this group belongs anthracene : 
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4. Of the hydrocarbons with condensed, nuclei, it is sufficient 
to mention here, two. 



Naphthalene. 


Phenanthrene. 


HO CH 


HC=CH HC=CH 


HC CH 


/ \ / \ 
HC C— C CH 


V/ 


\ ^ \ ^ 
HC— C C— CH 


HC CH 


\ / 
HC=CH, 


HC— CH. 





Many others besides these are known, and from each of these 
a large nimiber of derivatives can be obtained, affording a further 
proof of the very large number of the aromatic bodies. 



CHARACTERISTIC REACTIONS OP THE 
DI-SUBSTITUTION PRODUCTS. 

949 A characteristic property of the ortho-compounds is their 
easy transformation with separation of water into inner an-, 
hydrides, such as have been mentioned under salicylic and 
phthalic acids. As another example we may mention cumaric 
acid or orthocinnammic acid, whose anhydride, cumarin, gives 
to sweet woodruff its pleasant smell : 

/OH /O — CO 

C,H,<( =C,h/ I +H,0. 

\CHz=CH.CO.OH \CH=CH 

The amido-acids of this group also exhibit a similar reaction ; 
thus ortho-amidophenylacetic acid passes readily into an anhydro- 
compound, which has been termed oxindol from the fact that it 
was first obtained from indigo : 

CeH ,< = CeH / >C0 + H,0. 

^CH^CO.OH ^CH / 

The ortho-compounds having carbon side-chains are distin- 
guished from those of the two other series, inasmuch as when 
heated with chromic acid solution, they do not undergo a simple 
oxidation, but are completely decomposed with formation of 
carbon dioxide, acetic acid and oxalic acid, &c. Dilute nitric 
acid, or an alkaline solution of potassium permanganate, on the 
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other hand, easily bring about an oxldatioa in which the Bide 
chains are converted into carboxyL 

Ladeuburg found that orthodiamido-compounds when heated 
with monobasic organic acids give rise to peculiar condensation 
products: 

EthflenephmyleiiedLkmiDe. 

C^,< + HO.CO.CH, = CgH.< >C.CH. + 2H.0. 

NNH, \ N ^ 



In the meta- and para-compounda, however, a hydrogen atom 
of each amido-group is replaced by an acid radical, and thus, e.g., 
fi diacetyldiamido-benzene, CsH,(NaCO.CHg)i, is obtained. 

The orthodiamines also form with aldehydes a series of mono- 
acid bases to which Ladenburg has given the name of 
aid ehy dines : 

Bcmaldobyiie. PheuylbeiiBildBhyiiiiie. 

C,H,(NHj)j + 2C0H.CaHj = CBH/NCH.CgH6)j + SH^O. 

The diamines of the two other series act similarly ; but the 
compounds thus obtained are so unstable that it is impossible 
to prepare their salts since they decompose readily into their 
conatituenta with assumption of water. 

If the hydrochloride of an orthodiamine be heated with 
benzaldehyde from 100° to 120°, half the hydrochloric acid ia 
evolved, whilst the salts of the two other series yield no trace 
of acid when thus treated. 

Ladenburg found that the orthodiamido-compounds are dis- 
tinguished from the other isomerides by the action of nitrous 
acid, inasmuch as only one molecide of the base enters into the 
reaction,* and inner condensation occurs accompanied by elimina- 
tion of wafer, Orthodiamidobenzene yields amidoazophenylene 
or azoamidobenzene : 



,NH„ 
CflH.<: -I- NOJI = 



CfiH,; 






2H,0. 



950 In the case of meta-compounds on the other hand, two 
molecules take part in the reaction, and yellow or brown azo- 
coloure are formed. From metadiamidobenzene, triamidoazo- 
benzene or phenylene-brown is obtained : 
2C,H,(NHJ,+NO^ = C,H.(NHj}N = NC5HjCNHj),+2H,0. 

1 £«r. PmOei Oum. da. a. 219, 1S24 ; xtu. 117. 
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According to Griess this reaction is so characteristic and delicate 
that it may be used to detect the nitrites in potable water ; for 
this it is necessary to mix the solution of the base with the 
solution of the mtrit«> 

Another characteristic reaction for the metadiamidobenzenes is 
that they unite with diazo-salta to form diamidoazo-com pounds, 
yellow or yellowish red colours, one of which ia well known as 
chiysoidine. 

Nitrous acid acts quite differently on paradiamid o-com pounds ; 
if potassium nitrite be added to a solution of hydrochloride of 
paradipheuylamine, a brown powder separates out after some 
time, the amotmt of this being increased on warming with 
violent evolution of gas and formation of quinone (Ladenburg). 

In the para-series many compounds occur which yield quinone, 
CgHjOj, on oxidation with manganese dioxide and dilute sulphuric 
acid ; this substance being recognised by its powerful smell, as 
well as by the ease with which it sublimes in yellow needles. It 
is, however, not only obtained from para-substitution products, 
such as hydroquinone, paradiamidobenzene, &c., but also from 
monosubstitution products, such as aniline. 

The influence of the nitroxyl is remarkable when it occurs in 
the ortho- or para -positions with respect to the halogens. 

When the latter replace hydrc^n in the aromatic group, the 
compounds formed are usually not capable of double decomposi- 
tion, but they become so when nitroxyl occupies the above position. 
Ortho- and para-bromonitrohenzene when heated with alcoholic 
potash are converted into the corresponding nitrophenols : 

CeH,(NOj)Br -J- KOH = C,H/NOJOH + KBr. 

If the former be heated with alcoholic ammonia nitraniUnes are 
formed, which may he also obtained from the corresponding 
nitranisols : 

C'oH/NOJOCHj + NH3 = CoH/NOj}NH2 + HO.CH,. 

Tliese reactions do not take place in the meta-series. 

The orthodinitro-compounds readily exchange a nitroxyl for 
other radicals,* 

If orthodinitrohenzene he boiled with caustic soda ortho- 
nitrophenol is formed, and on heating the former with ammonia, 
ortbonitraniline and ammonium nitrite are obtained. 
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If dinitrochlorobenzene, CgHjCl(NOg),. which has the following 
constitution — 

Cl 

be boiled with a solution of aodium sulphite, sodium nitrochloro- 
benzenesuiphonate, CaHg(NOj)Cl(SOgNa), and sodium nitrite are 
produced. 



BENZENE group- 
Benzene, CgHg. 

951 niatorical. — It has abeady been stated that the oil obtained 
from portable gas contained a liquid, in which Faraday in 1825 
discovered two new hydrocarbons (Vol. iii. Part II. p. 162), the 
first of which was afterwards found to be butylene. To the 
second, Faraday gave the name of bicarburet of hydrogen, as 
he found its empirical formula to be C^H (C = 6). By exploding 
its vapour with oxygen, he observed that one volume contains 
36 parte by weight of carbon, to 3 parts by weight of hydrogen, 
and ito specific gravity compared with hydrogen is therefore 39.^ 

Mitscberlich, in 1834, obtained the same hydrocarbon by dis- 
tillation of benzoic acid, C,HgOj, with slaked lime, and termed it 
benzin. He assumed that it is formed from benzoic acid, simply by 
removal of carbon dioxide.* Liebig denied this, adding the follow- 
ing editorial note to MitscherUch's memoir : " We have changed 
the name of the body obtained by Professor Mitscherlich by the dry 
distillation of benzoic acid and lime, and termed by him benzin, 
into benzol, because the termination ' in ' appears to denote an 
analogy between stryclmine, quinine, &o., bodies to which it does 
not bear the slightest resemblance, whilst the ending in 'ol' 
corresponds better to its properties and mode of production. It 
would have been perhaps better if the name which the discoverer, 
Faraday, had given to this body had been retained, as its relation 
to benzoic acid and benzoyl compounds is not any closer than it 
is to that of the tar or coal from which it is obtained." 

Almost at the same time F^Ugot found that the same hydro- 
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carbon occurs, together with benzone, CijHj^O (.liplienylketone 
C0(CflH5)j), in the products of the dry distiUatiou of calcium 
benzoatc.' 

The different results obtained by Mitschprlich and PiSligot are 
represented by the following formulre : 



CjHgOj + CaO ' 

CCjHsOj)^Ca 



C^H, + CaCO,. 



Peligot obtained benzene only as a by-product, exactly as in the 
preparation of acetone (dimethyl ketone) from calcium acetate, a 
certain quantity of marsh gas is always formed. 

It ia not clear how Liebig became acquainted with the fact 
that benzene is formed by the dry distillation of coal, aa his pupil 
Hofmann, who obtained it in 1845 from coal-tar, observes: "It 
is frequently stated in memoirs and text-books that coal-tar oil 
contains benzene. I am, however, unacquainted with any re- 
search in which this question has been investigated."* It is, 
however, worthy of remark that about the year 1834, at the 
time when Mitscherhch had converted benzene into nitrobenzene, 
the distillation of coal-tar was carried out on a large scale in the 
neighbourhood of Manchester ; the naphtha which was obtained 
was employed for the purpose of dissolving the residual pitch, 
and thus obtaining black varnish. Attempts were made to 
supplant the naptha obtained from wood-tar, which at that time 
was much used in the hat factories at Gorton near Manchester 
for the preparation of "lacquer," by coal-tar naphtha. The 
substitute however did not answer, as the impure naphtha left 
on evaporation so unpleasant a smell, that the workmen refused 
to employ it. It was also known about the year 1838, that 
wood-naphtha contained oxygen, whilst that from coal-tar did not, 
and hence Mr. John Dale attempted to convert the latter into 
the former, or into some similar substance. By the action of 
sulphuric acid and potassium nitrate, he obtained a liquid possess- 
ing a smell resembUng that of bitter-almond oil, the properties of 
which ho did not further investigate,* This was, however, done 
in 1 842 by Mr. John Leigh, who exliibited considerable quantities 
of benzene, nitrobenzene, and dinitrobenzene to the chemical sec- 
tion of the British Association meeting that year in Manchester. 
His communication is, however, so printed in the Report, that it 



' Jbh. Chitn. Pkffs. [3], Ivi. 59. 



' Ann. Ckcm. Pharm. It. 



is not possible from the descriptioD to identify the bodies in 
ilUfestion.' 

952 Coal-tar is obtaiued, as is well known, together with am- 
monia-liquor in the manufacture of coal-gas. The same products 
are also produced in the coking process, now usually carried od 
in ovens connected with vessels in which the aqueous distillate 
and the tar are collected. It is interesting to leara that these 
products were collected even before the manufacture of gas 
became known. Thus De Gensanne describes coke ovens con- 
iiL'cted with the ironworks at Sulzbach, near Saarbrlicken, about 
1764, in connection with which waa an arrangement for collecting 
the volatile products "les huiles et le bitume." The oil thus 
obtained resembled distilled petroleum, had a strong bituminous 
odour, and burnt with a smoky flame ; the miners and peasants 
in the neighbourhood used it for their lamps. 

These are probably the same ovens which Goethe, in 1771, 
saw in the neighbourhood of the burning bil! near Dutweiler, a 
village near Sulzbach.* Here he met old Stauf, a coal philosopher 
— " philosophus per igneni," as it was formerly acUed — " who 
complained that the enterprise did not pay," for as Goethe says, 
they not only wanted to desulphurize the coal for the use in 
iron-works, " hut at the same time they wished to turn the oil 
and resin to account ; nay, they would not lose the soot, and 
thus all failed together, on account of the many ends in view." ' 

Large quantities of benzene were prepared in 1848, under 
Hofraann's direction, by Mansfield, who proved that the naphtha 
in coal-tar contains homologues of benzenes, which may be 
separated from it by fractional distillation.* 

On the 17th of February, 1856. Mansfield was occupied with 
the distillation of this hydrocarbon, which he foresaw would find 
fiirther applications, for the Paris Exhibition, in a still, whose 
construction is shown in Fig. 1. The liquid in the retort boiled 
over and took fire, burning Mansfield so severely that he died 
in a few days.* 

SourctB of Benzene. — Benzene is also found in the products of 
distillation of wood and many organic bodies. It is likewise pro- 

^ Pri™tB communication. Bril. Aasoe. Jiepori. 1843, 39. Sec also MoniUur 
Seitiil. ISflB, 4111. 

' Private common iention of Dr. Garlt to Walaon Smith. Tho title of 
OeMwrno's work is ; TraiUdt la/onlfdca itiaei}iar Ic/citdnCharboniU Tim. 
2 vols. PftTia, ]T70Btl77B. 

' Aiu Mtinen Ltben, " Wshrhcit and Dichlnog." Oxenfnrd's Translation, 
vol. i. 861. 

* Qvart. JouTH. Chem. Sor. i. 244. ' Bid. viii. 110. 
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duced when the vapours of its hnmnlo^uea and other aromatic 
oonipounds are passed through a red-hot lube. Even the simplest 
compounds of the fatty group, such as marsh gas, alcohol and 
acetic acid, yield some benzene together with a variety of other 
bodies when thus treated.' 

Of special interest is its synthesis from acetylene, CjHj, dis- 
covered by Berthelot. If this gas be heated for some time at the 
temperature at which glass begins to soften, it is converted into 
a mixture of polymerides, amongst which benzene is present 
in considerable quantity.* Marignac has shown that it is also 
formed by the distillation of phtlialic acid, CgHgO^ with caustic 




lime.* The reaction is quite simtlarto that by which it is formed 
from benzoic acid : 

CaHs.COjH = C,H, -f- CO, 
CaH,(CO^). = C,H( -I- 2C0y 

Since that time, it has been observed that all benzenecarboxylic 
acida. or acids which are derived from benzene by replacement of 
hydrogen by carboiyl, are in this way converted into benzene. 

Benzene also occurs, together with its bumulogues, in small 
quantities in petroleum from Burmah (Rangoon tar)/ in that 

> Bfrtholot, Jaltmi. 1851, 437, 504 ; 13C9. 333. 
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from Golizia,' and in that from Canadiaa and FermsylvaoiaD 

wella (Schorlemmer.) 

Manufacture. — Benzene ib largely employed in the arts, espe- 
cially in the manufacture of aniline. In preparing it, coal-tar, 
or tar from certain coking processes, is distilled in large retorts 
made of malleable iron. The usual English retort is shown in 
Figs. 4 and 5, whilst tlioso used in France and Germany are 
represented in Figs. 2 and 3. 

The vapours are cooled by passing through lead or copper 
pipes, or by means of a system of iron pipes as shown in Fig. (i. 




Fio. 2. 



In this process the following products are obtained, com- 
bustible gases being evolved at the commencement of the 
distillation. 

The Jirst runnings amount to about 2 to 4 per cent, of the 
tar, and consist of carbon disulphide, paraffins, olefines. benzene 
and otherhydrocarbons.acetonitril, ethyl alcohol &c. At the same 
time ammonia-water comes over, and for this reason the difl- 
tiilate separates into two layers. When a thermometer is used 

' Freunil, Ann. Chem. Fkann. cxv. 19. 
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in working, the receiver is cliaDged when the temperature rises 
to about 110°. 

The next product is terroeii ligkt oil or crude naphtha. As 
soon OS the water ia removed, the peculiar hissing noise ceases, 
and the light oil (which swiras on jvater) now comes over, and 




amounts to about 7 to 8 per cent, of the tar, the temperature 
rising to about 210'. In some works the light oil is collected 
below 17u°,and that coming over between 170° and 230° is called 
middle oil. 




Between 210° and 4/00° htat-y or dead oil comes over, which 
sinks in water. This is also frequently collected in two portions, 
that which comes over below 270° being known as crtoMte oU, 
whilst the higher boiling portion is termed anthracene oil. The 
further treatment of those oils, as well as that of pitch, will be 
referred to hereafter. 
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953 Benzene mixed with other hydrocarbons is obtained &om 
tlie lint ruunings by fractional distillation. The light oil, however, 




is the chief Bourco of crude benzene. This oil contains a small 
quanUty of paraffins, olefines, benzene and its homologies, phenol, 
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creBol, naphthalene and bases. It U first rectified ouce or several 
times in light oil stills, which are similar in structure to the tar 
stills, but usually smaller. The portion boiling between 80° and 
150°, together with that fraction of the first runnings whicli 
boils above 80°, and the portion of the creasote oils which, on 
rectification, boils below 150°, are then worked up for benzene 
and its homologucs. The first boiling portions of the light oils 
are frequently collected separately and brought into commerce 
as crude naphtha, being employed for carhuretting gas, and as 
a solvent. 

The rectified light oils are then treated with 5 per cent, of 
concentrated sulphuric acid, for the purpose of freeing them from 
bases, olefines and other hydrocarbons ; well washed with water 
and thoroughly agitated with caustic soda, which dissolves phenol 
and its bomologuos. 

In 1860, E. Kopp suggested the employment of an apparatus 
used in the rectification of alcohol for the purpose of fractionating 
the neutral oils thus obtained, and this suggestion was first carried 
out on the large scaJe by Coupler at Poissy, near Paris, in 1863. 

The apparatus he employed, Fig. 7, consists of a boiler heat«d 
by steam and a column that serves as a dephlegmator, in 
which a partial separation takes place. The vapours which do 
not here liquefy pass into a series of condensers surrounded by a 
solution of calcium chloride, which for the purpose of obtaining 
benzene is heated to a temperature of 80°. 

When this has all distilled over, the bath of calcium chloride is 
heated to 110°, when toluene passes over. Toobtain the mixture 
of the xylenes, a paraffin bath is employed heated by high pressure 
steam to a temperature of 140^ Coupier obtained the following 
results with this apparatus : 

100 litres of light oil boiling between 80° and 150° gave: — 
B.P. 
6 litres of crude benzene .... 62° to 80° 

benzene 80° „ 82* 

intermediate product. . 82' „ 110° 

toluene 110° „ 112" 

intermediate 112° „ 187* 

xylenes 137° „ 140° 

intermediate 140° „ 148" 

trimethylbenzenes ■ ■ . 148' „ 150°* 



' These, however, boil from IBS* t 
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In larger works the hydrocarbons are separated by means of 
large copper column apparatus (similar to those employed in the 
rectification of spirits). Fig. 8 shows one employed by Savalle, in 
Paris, a vertical section being shown in Fig. 9. The condensation 
of the vapours is effected by a current of air, the strength of 
which cantbe regidated. 

The benzene boiling from SO" to 82° is pure enough for the 
preparation of pure aniline. It always, however, contains a small 




quantity of paraffins and other non-saturated Lydrocarbons. In 
order to purify it Mansfield's process is employed. This consists 
in crystallizing the crude benzene in a freezing mixture, when the 
impurities remain liquid and can be separated from the pure 
solidified benzene. A simple apparatus for this purification has 
been described by Hofmann.' 

Chemically pure benzene, obtained from benzoic acid, does not 
colour sulphuric acid brown, though that obtained from coal-tar 

' Bcr. DmUch. Chem. Oct. ir. 163. 



does so even after cryBtallizatioiL This latter product exhibits a 
very characttiriatic reaction. If one grain of isatine, CgH^NOj, 
be dissolved in coDcentxated sulphuric acid, and benzene added, 
the liquid after a short time becomes of a fine blue colour: 
if, however, the benzene be previously shaken with sulphuric 
acid, until it is no longer coloured brown, or if the benzene 
obtuned from benzoic acid be used, the isatine reaction ia not 
given.' 

The body which produces this reaction is thiopheoe, C^H,S, a 
liquid possessing a most remarkable similarity to benzene. 

Mention has already been made of this substance. Vol III, 
Part II. p. 631. 

954 Properties. — Benzene is a colourless, mobile, strongly refract- 
ing liquid, possessing a peculiar smell, boiling at S0°'5, and solidi- 
fying, when cooled, to rhombic crystals which melt at 4°'5. It is 
easily inflammable, burning with a luminous and smoky flame. 
Like other hydrocarbons, it is very slightly soluble in water, but 
di^olves in alcohol, ether, chloroform, &c. On the other hand, 
it serves as an excellent solvent for iodine, sulphur, phosphorus, 
&ta, resins, various alkaloids, and many other organic compounds. 
Its specific gravity at 0° is 0*900 and at 15° is USBa. 

Benzene taken internally is found in the urine, as a salt of 
phenylsulphonic acid. If the vapour of about 10 grammes be in- 
haled, dizziness and sickness, as well as a tendency to sleep, occur. 
In doses from 40 to 50 grammes it produces a similar action 
to chloroform, accompanied by profiise perspiration ; the same 
quantity given to cats acts fatally, with epileptic seizures. 
In works in wliich the fat is extracted from woollen fibre by 
benzene, the vapours of this substance produce intoxication 
amongst the workman, who also suffer from a peculiar irritation 
and dryness of the akin, due. according to Perrin, to the solution 
of its fatty constituents.' 

VThen the induction spark is passed through benzene a solid 
substance is formed, together with carbon, whilst a mixture of +2 
to 43 per cent, of acetylene, and 57 to 58 per cent, of hydrogen, 
is given off.^ 

If benzene be oxidized with manganese dioxide and sulphuric 
add various products are formed, amongst which are formic. 



' T, Hryer, Ber. Deubch. Chem. Qa. xvi. HB5, 2173, MBS. 
' Giudhomme, Die FarbvKTke von lititter, Lucitu UKii Braniag i 
ind KtiaUr Btxuhuiig, 
' Dartnm, Campl. Send. icix. 133. 
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benzoic, and phthalic acids.^ If formic acid be added to the 
above oxidizing mixture a larger proportion of benzoic acid is 
formed, from which Carius concluded that it is produced by a 
simultaneous oxidation of benzene and formic acid. 

CeHe + CHO.OH + = CeH^.CO.OH + H,0. 

It appears, however, more probable that a part of the benzene 
is oxidized to diphenyl, CgHg.CgHg, and that this on further 
oxidation jdelds benzoic acid, whilst phthalic acid, CgH^(C0.0H)2, 
is formed from diphenylbenzene, CgH^(C5H5)2, which is probably 
formed at the same time as the diphenyl. 

Benzene, when brought into contact with a glowing spiral of 
platinum wire, in presence of air, is oxidized to benzaldehyde and 
benzoic acid.^ 

By the action of potassium chlorate and sulphuric acid 
on benzene, Carius obtained a peculiar acid, which he con- 
sidered to be a chlorine substitution product of an acid 
homologous with malic acid, and to which he gave the name 
of trichlorophenomalic acid, CgBE^CLjOg. He believed it to be 
produced according to the following equation : 

CeHg + 3CIO2H = CeH^CljOg + H^O. 

At the same time he obtained chlorobenzene, oxalic acid, 
chlorinated quinols, and quinones, amongst which was dichloro- 
quinone, CgHgClgOj, and other bodies. 

By heating trichlorophenomalic acid with baryta water, 
phenaconic acid, C^HgOg, a substance isomeric with aconitic acid, 
was produced : 

CeH^ClsO^ + H,p = CeHeO, + 3HC1. 

When, however, this body was heated with hydriodic acid it 
was completely converted into succinic acid, whilst by the action 
of bromine two isomeric dibromosuccinic acids were formed. 
These, as well as the succinic acid, must be produced from 
phenaconic acid by " polymeric rearrangements." On warming 
a mixture of the two dibromosuccinic acids with baryta water 
Carius obtained racemic acid and bromomaleic acid. 

A short time after this Carius concluded, from some experi- 
ments made on the acid potassium salt of fiimaric acid, that it 
was clear that phenaconic acid is identical with fumaric acid. 
Hence phenaconic acid disappeared from the list of chemical 

* Ann. Chem. Pharm. cxlviii. 60. 
' CoquiU, Co9npt, Rend, Ixxx. 1089. 
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compounds; tricljorophenomalic acid remained, however, as a 
niyaterious body, and iia decompoailion into hydrochloric acid 
and fumaric acid was uuexplaiued. 

In 1877 KraiFt repeated Carius' espeiiments, and found in 
the product of the reaction a large quantity of tricbloroquiuone, 
C^HCljOj, and -tricUorohydroquinone, C^HjCljOj, wliich latter 
substance he considered to be identical with trichlorophfnomalic 
acid. This compound then disappeared from chemical literature, 
the fact being overlooked that Krafft had only proved tlie 
formation of triclJoroquinone and triclilorohydroquuione. The 
identity of this latter substance with Carius' acid had not been 
shown, and he did not try the only decisive experiment, i.e. to 
convert trichlorophenomalic acid into fumaric acid. 

The investigation of tricldorophenomahc acid was nest taken 
up by Kekule and Strecker, In the introduction to their 
memoir they say : " To expreaa shortly the results of our critical 
studies, we may state that it is nothing but a comedy of 
errors. Trichlorophenomalic acid is not formed according to the 
equation given by C'anus, neither has it the formula which 
Carius ascribed to it ; on the other hand, it is not, as Krafft 
beheved, identical with triclilorohydroquinoue. It does not yield 
hydrochloric acid or fumaric acid when decomposed by alkalis, 
hut, notwithstanding, Carius' phenaconic acid ia identical with 
fumaric acid." 

It haa already been state<l that trichlorophenomalic acid 
proved to be yS-trichloracetylacryhc acid, C5H3CI3O3, which is 
soluble with difficulty in cold, but more readily in hot water, 
and crystallizes in small glistening scales, which possess a 
pleasant smell, and melt from 131° to 132°. 

On warming with bar}'ta water it decomposes into chloroform 
and maleic acid, C^H^O^, and it unites with bromine to form tri- 
chloracetyldibromopropionic acid, CsHjClgBr^O,, which on heating 
with Ume-water splits up into chloroform and inactive tartaric 
acid. Carius' statements can now be simply explained. In hia 
first experiments part of the maleic acid was converted into 
fumaric acid ; by the action of bromine on this mixture he ob- 
tained dibroraosuccinic acid together with isodihromosuccinic 
acid, the former of which yielded inactive tartaric acid, then 
beUeved to be racemic acid. In his later experiments the 
conversion of the maleic acid was complete, and hia pure 
phenaconic acid consisted entirely of fumaric acid.^ 
' Lithi^a Ann. ccrciii. 170 (wliere also the compkte literature will be totmd). 
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If boiling benzene be saturated with picric acid (trini- 
trophenol), the compound, CgHg + CoHj{N0^30H, separates 
out on cooling in bright yellow crystals, which give oif benzene 
on exposure to air (Fritzsche). 

If antimony chloride be dissolved in hot benzene, transparent 
monoclinic tables of the compound, (C(,Ha),(SbCl3l3, separate out 
on cooling, which deliquesce on exposure to air.' 

When a current of hydrochloric acid is passed into a mixture 
of benzene and aluminium chloride, a compound, 6CgH^ + AljClg, 
is obtained as a thick orange -coloured liquid, which crystallizes 
at —5°, and is decomposed by water into its constituents. 
Aluminium bromide forma a similar compound.* 

When benzene is heated with potassium from 230° to 250°, 
a bluish-black crystalHne body is forpaed without any hydrogen 
being evolved ; on exposure to air this substance spontaneously 
ignit«s with explosive violence. If this body be covered vith 
benzene, and water slowly added, diphenylbenzene, C|jH^(C(Hj)p 
is formed together with a small quantity of diphenyl, (G^^^ 
and of a hydrocarbon, CjgH,g, wliich is a thick liquid smelling 
like aniseed and boiling at 222°. From this it would appear that 
the above blue body is a mixture of monopotassium benzene, 
CgHjK, dipotassium benzene, CaH,Kj, and potassium hjdrogenide, 
K.Hg (Vol. 11. Port I. p. 61) ^ 



ADDITIVE PRODUCTS OF BENZENE, 

955 Hensene luxkydride, or Hcxhydrohtnzent, CgH^, was first 
obtained by Berthelot, and believed by him to be bexane. It is 
formed when benzene is heated with a large excess of aqueous 
hydriodic acid, saturated at O°,for five hours, to 280°, It forms a 
constituent of Caucasian petroleum,* and is a liquid boiling at 69°, 
and having a specific gravity 0'76 at 0"".' 

Benzene kexchloride, CjHjClg, was first prepared by Mitscher- 
lich," Pehgot,^ and Laurent,* by exposing benzene in largo flasks 

' Smith «ncl DavU, Jount. Chem. Sot. 1882, i. 412. 
' GilstaVBOD, Ber. IkuitiA. Chctii. Ga. il. 21G1. 
' Abeljanz, ib, ir. 10. 

• Biiilateui and Knrbataw, ib. xiii. ISIS. 

' WredsQ and Zaatovicz, Ann. Chem. Pharm. clxxxvii. IfiS. 

' Fogg. Ann. zxxv. 370. ' Ann. Chim. Phy. [2], Ivi, 68 

* Ann. CKem. Pharm. xxiiL S8. 
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filled with chlorine to the action of sunlight. It is also obtained 
when chlorine is passed into boiliug benzene.' 

According to Hugo Miiller, benzene dichloride, CgHgCL, and 
benzene tetrachloride, C„HeCl^, bodies which have not been more 
closely e>a,niined, together with substitution products, are tirat 
formed.' Additive products are also formed when hydrochloric 
aciJ and potassium bichromate act upon benzene.^ 

In order to prepare benzene hexchloride, chlorine is allowed 
to act in the sunlight on the surface of benzene contained in 
lai^e flasks.' The crystalline mass thus formed is then re- 
crj'stallized from hot benzene. It forms large monoelinic prisms 
melt.ing at 157° and boiling, with liberation of bydrocldoric acid, 
at 288° ; alcoholic potash decomposes it completely into hydro- 
chloric acid and asymmetrical trichlorobenzene. Fuming nitric 
acid does not attack it even on warming, whilst zinc reduces it 
in alcoholic solution to benzene." 

On passing chlorine into boiling benzene in the sunlight an 
isomeric benzene hexchloride is formed, which crystallizes in 
regular octahedra and tetrahedra, etc. This body melts at 300° 
and volatilizes about the same temperature ; it is only slowly 
attacked by boiling alcoholic potash, and is unaltere<.l by a boiling 
alcoholic solution of potassium cyanide, by which reaction it can 
be separated from the ordinary hexchloride, as this is at once 
converted into trichlorobenzene.* 

According to Schiipphaus, Meunier's compound, which 
Hiibner previously observed, is perhaps diphenyl dodecachloride, 
C„H,„Clu.^ 

BfvzcTic kewhrmnide, CgHgBrg, was obtained by Mitscherlich by 
the action of bromine on benzene in sunlight.* It separates from 
its ethereal solution in microscopic, opaque, rhombic prisms 
(Lassaigne), and is decomposed by alcoholic potash into 
tribromobenzene and hydrobromic acid. 

ScTizenc trkJihrokydrin, 0„H,jCIj(OH)j, is formed when benzene 
is brought into contact with aqueous hypochlorous acid. It is 
difEcultly soluble in water, but readily in ether, and crystallizes 

' lerimplo, Jnn. Chem. Pharm. cirxyii. 123 ; Hera, Zeitaeh. CTew. 1871, 
2S3. 

• Ja\r»Mi. 1362. 4U. 

■ JnnfffleiMh, it. 1S63, SSS. 

• Leeds and Everh«rt, Journ. Americ. Chem. ii. 2DG. 

• Zioin, ZeiUeh. Chem. 1871. 284 ; ii. 2D6. 

• Mennier, Ctmpt. Rend. leriii. *.?8. 

' Btr. JkuUA. Chaa. Ga. jvii. 225fl. 

• Ann. Ckcm. Pharni. xvi, 173. 
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in fine scales which melt at 10**, and are volatile without decom- 
position. Very dilute alkalis decompose it with formation of 
various products, among which phenose, C^i^O^, a body isomeric 
with glucose, is found. This is an amorphous, hygroscopic mass, 
which possesses a sweetish taste and reduces an alkaline copper 
solution. Concentrated hydriodic acid is said to convert it into 
secondary hexyl iodide on heating.^ 



CHLORINE SUBSTITUTION PRODUCTS OF 

BENZENE. 

956 It has already been stated that by the action of chlorine 
on benzene a mixture of additive and substitution products is 
obtained. When iodine is added, a smooth and regular substitu- 
tion takes place in consequence of a continuous decomposition 
and reformation of iodine chloride. Still more energetic is the 
action of antimony chloride, which is, therefore, used in the 
preparation of higher chlorinated derivatives.* 

By this direct substitution all the theoretically possible com- 
pounds are not formed. Monochlorobenzene which is first formed 
is chiefly converted into paradichlorobenzene, some orthodichloro- 
benzene being produced at the same time. On further chlorina- 
tion both yield asymmetrical trichlorobenzene, and this again 
yields symmetrical tetrachlorobenzene, in which the two hydrogen 
atoms are in the para-position. This is then further converted 
into pentachlorobenzene and hexchlorobenzene. 

Monochlorobenzene is also formed by the action of pentachloride 
of phosphorus on phenol, as well as when the amido-group of 
aniline is replaced by chlorine, by means of the diazo-reaction. In 
the same way other chlorobenzenos are obtained from chlorine 
substitution products of aniline and phenol. 

Monochlorobenzene, CgH^Cl, was obtained by Laurent and 
Gerhardt by the action of phosphorus chloride on phenol 
(phenyl alcohol) and called chloride of phenyl (chlorure de 
phfenyle).' 

The product thus obtained, however, was a mixture of chloro- 
benzene with phenyl orthophosphate,* and probably also the 

* Carius, Ani^ CTiem, Pharm, <5xxxvi. 323 ; cxl. 322. 
' Hugo Miiller, Joum. Chem, Soe. xv. 41. 

' Ann. Chem. Pharm. Ixxv. 79. 

* Scnigbam, Chem, Soc. Jaum. yu. 237. 
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cliloriJes of monophenjl- and diplienyl-phospliuric acid;' this 
explains the statements of the above chemists that chloride 
of phenyl when treated with alkalis ia again conveited into 
phenyl alcoboL 

In order to prepare chlorobenzene, rather leas than the theo- 
retical amount of cKlotiuG is passed into a solution of one part of 
iodine in four parts of benzene, and the product washed witli 
caustic soda, and purified by fractional distillation.- 

It is also formed when benzene is heated with suiphuryl 
chloride to 150°.^ 

CflH^ + SOaCl, = CcH.CI + HCI + SO,. 
Monochlorobenzene is a pleasant smelling liquid, which boils at 
132°, and has a specific gravity of 112387 at 0°.* It solidifies to 
a crystalline mass, melting at — 40°. 

Concentrated nitric acid converts it into a mixture of solid 
pBrachloronitrobenzene and liquid orthochloronitrobenzene. 

957- Monochlon^vaene hexchloride, C^fi\-j, is formed when 
diphenyl sulphone, (CaH5)jS0j, is treated with chlorine in the 
sun-light It crystallizes from hot alcohol in small quadratic 
]«isms which melt at 255° to 257°.' 

Paradichlorohensene, CgH,Clj, was obtained by H. MilUer by 
passing chlorine into a solution of iodine in benzene until a 
sample of the product sank rapidly in water ; it was then washed 
with caustic soda, any benzene and mouochloiobeuzene still 
present removed by distillation, and the portion boihng above 
160' cooled to 0°. The compound crystallized out, and was 
purified, after removing the mother liquor, by re-crystallization 
from alcohol. Paradichlorobenzene is also readily obtained when 
the requisite quantity of chlorine is passed into benzene, to which 
1 per cent, of molybdenum chloride has been added." It ia also 
formed, with other products, by the action of phosphorus 
pentachloride on parachlorophenoU and paraphenolsulphouic 
acid. CaH.(OH)SOj,H.'' 

Paradichlorobenzene crystallizes in monoclinic plates, which 
possess a pleasant sweet smell, and sublime in closed vesseb, at 
the ordinary temperature, in large, four-sided tables. It melts at 

' Jioobson, Brr. Priilxdi. Chum. Grt. viiL 1519. 

* HoKo Hikller, ZfHtch. Chtm. 18Q4, CS. 

* Dubois, Md. ISflS. 705. 

* AdriwDi, Brr. DtiUach. Chtm, On. vi. 441. 
■ Otlo, Ann. Chan. Phana. cxli. 101. 

* Aronheim, Ser. DcattA. Chtm. Oa. riil. 1400. 
, ' Bdbtoin «nii Knibalow, Ann. Chem. PKnna. tlxxvi. 40. 
k* EiknU, Ser. Deuiteh. Chtm, Oa. vL 941. 



50'4° and boils at ITS^'.' It is converted by fuming nitric 
acid into paradichloronitrobenzene, melting at 5+5°. 

OrthodichloTohenzcne, CgH^Clj, was first prepared by Betlstein 
and Kurbatow by tbe action of phospboma pentachloride on 
ortbocblorophenol.* They also found it in the mother liquor 
obtained iii the preparation of paradicblorobenzene by Miillcr's 
method. In order to prepare it from this, the liquid ia heated for 
two days with fuming sulphuric acid to 210°, when ortho- 
dichlorobenzenesul phonic acid ia formed, any paradichloro- 
benzene still present not being acted upon. The sulphonic acid, 
which is obtained in the pure state from the barium salt, yields 
pure orthodichlorobenzene ' on dry distillation. It is a liquid 
boiling at ITS" and not solidifying at— "li". Fuming aitrio 
acid converts it into the dichloronitrobenzene whicli melts 
at 43°. 

MetadicJiiordbmzene, CoH^Cl,, was obtained by Kiimer, by 
converting metanitraniline into the dtazo-chloride and fusing its 
platinum chloride with soda. He thus obtained metachioro- 
nitrobenzene, which he reduced to metachloraniline, in which be 
then replaced the amido-group by chlorine. It ia also formed 
when the corresponding dichlorauiline is covered with absolute 
alcohol, nitrogen trioxide passed in, and the solution, after 
saturation, heated to boiling. It ia a Uquid boiling at 172°, and 
having a specific gravity of 1'307 at 0°. On nitration it yields 
a dichloronitrobenzeue melting at 33°, which on reduction is 
converted into the original dichloraniline.* 

2)ichlorobe»z€Jie h-caxhloride, CjHjClg, was obtained by Jung^ 
fleiacb, by the action of clilorine on benzene in the sunlight. It 
ciystallizes from chloroform in oblique rhombic prisms which do 
not melt at 250°.* 



Tricfdorohenscncs, CgHjCla. 

Melting. Bniling- 

point. point. 
■ Symmetrical (1.3,5) long needles 63-4° 208-5° 
' Asymmetrical (1.2.4) rhombic crystals 10'0° 213-0° 

8 Adjacent (1.2.3) large tables 53-54° 218-219° 



' EHmer, Jdhredt. IS7E, 318. 
» Ibid, clxxxii. S4. 

* JungflelBcb, ZeUtA. Chan. ISeS, ISA. 

* JimKfleiKh, Aim. Ckim. Phyt, [1], iv 
Chem. Fharm. ozciL S3S. 

' Mitacherlich, Ann. Chem. Pharm. x' 
Daiach, l«e, eil, ; B«ilsteia and Eiiihatov. 
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Tttrachlorohcnzencs, C,H^C1^. 

Molting- Boiling- 

jioinl. i>oiiit 

' SyrametricMU (1.2.4.5) monoclinic crystals 137-138° 243-246° 

* Asymmetrical (1.3.4.5) needles 50-51° 246° 

' Adjacent (1.2.3.4) needles 45-46° 254° 

PentochUyrohmztne, C^HCIj, crystallizes from hot alcohol in fine 
needles, melting at 85° to 86°, and boiling at 275° to 276°.* 

958 HexchlonAtnzene, C^Cl^, was obtained by Hugo MuUer as 
a final product of the action of chlorine on benzene in presence 
of iodine, or better, of antimony peatachloride. He expressed 
the opinion that it was identical with the compound already 
known under the name of Julin's chloride of carbon, ■which 
was prepared in a very peculiar way, Juhn manufactured 
nitric acid in Abo. in Finland, by heating crude saltpetre in 
cast-iron retorts with calcined green vitriol, obtained from 
the drainage water of the mines of Fahlun, in Sweden. He 
thus obtained a body of which he sent a small sample to 
Richard Phillips, editor of the Atfnals 0/ Philosophy, stating 
tliat it was a similar substance to the perchloride of carbon 
discovered by Fara<lay.' 

Faraday and Phillips investigated the compound more 
accurately, but, owing to the small quantity they possessed, 
they were unable to come to any satisfactory conclusion re- 
specting its composition. They noticed, however, that it 
possessed such peculiar properties that they came to the 
conclusion that it probably contained a new modification of 
carbon, or perhaps some analogous element." Julin gave them 
a larger cpiantity after his return from the Continent, and they 
then found that the body was a chloride of carbon, whose vapour 
on being passed through a red-hot tube, filled with small pieces 
of rock crystal, is decomposed into its elements. Analysis showed 
that the formula was C4Clj(C = 6), but they gave the compound 
no name/ Gmelin described it as dichloride of carbon ; ac- 
cording to him the carbon needed for its formation was probably 

' Jnnf^ciwh ; BeilateiD and Karbatow, 

* Otio ; JungHeiich ; BeiUUin and Koitiktow. 
' Beilatpin auil Knrbatnw. 

• Jonglleisch ; Otto and Oatrop, Ann. Chfm. Pharm. cxli. ' 



' PkO. TniM. 1821, 382. 
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derived from the cast iron, and tlie chlorine from the crude salt- 
petre.' 

Eegnault obtained tliia compound by passing the vapour of 
chloroform, or of te trach lore thy lene, through a red-hot tube filled 
with pieces of porctlain,* and Bassett showed that it is bex- 
chlorobenzene.* 

It is also formed when acetylene tetrachloride, CjHjCI^ , is heated 
for 100 hours to 360°,* as well as ly the prolonged chlorination 
of methylbenzene and of dimethylbenzene in presence of antimony 
chloride.* It is likewise formed when several benzene derivatives 
are heated with iodine chloride to 350°, Several aromatic hydro- 
carbons, and oil of turpentine, C,oHi„, also yield it by exhaustive 
chlorination, together with tetrachloromethane, or hexchloro- 
methane* 

If secondary hexyl iodide be heated with excess of iodine 
chloride for a long time to 2*0', hexchlorobenzene, together with 
tetrachloromethane, is formed.' 

Hexchlorobenzene is insoluble in cold, slightly soluble in hot 
alcohol, but readily in benzene. From a mixture of the two it 
crystallizes in long thin prisms, and from carbon diaiilphide in 
rhombic prisms. It melta at 226°, and boils at 326°, and is 
not attacked either by boiling concentrated acida or by alkaUs. 



BROMINE SUBSTITUTION PRODUCTS OF 
BENZENE. 



959 Bromine acts on benzene in a similar manner to chlorine, 
but more slowly ; the presence of iodine quickens the reaction. 

Mfmohrfrmobemenc, C^HjEr, was first obtained by Couper by the 
prolonged action of bromine on benzene in diffused daylight.* 

Riche obtained it from phenol and phosphorus pentachloride,' 
and GHess by the decomposition of diazobenzene perbromide." 

It is produced when a mixture of equal molecular weights of 
bromine and benzene are allowed to act upon one another for a 
week; the product is then washed with caustic potash, and 

' Gmelin, ffandboole, viiL 180. ' Ann. duna. Fliarm. xii. 3S0. 

■ JouTv. Chnn. Sue. [a], v. i43. 

• Berthelot anil JuniflleiHeh, ibid. Siippl. viL 358. 

■ BeilBteiii and KulilberR, ibid. c\. 809. 
' Raoff, Ber. Dewtith. Cham. Ga. ii. 1483, 



i. 859. 
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the unaltered benzene, and a smull quantity of dibromobenzene, 
removed by dbtillation,' 

AccordiEg to MichaelJB it is best prepared by beating 2,500 
grama of benzeue, and 50 grama of iodine, in a bolthead 
connectetl with ati inverted condenser, and gradually adding 
2,500 grama of bromine. As hood aa no ftirtber evolution of 
hydrobromic acid takes place on continued boiling, the excess 
of benzene is distilled off, the residue washed with caustic soda, 
and distilled in a current of steam. The diy distillate is finally 
purified by fractionation." 

Monobromobenzene is a liquid boiling from 154 8° to ISo'S", 
and having at 0° a specific gravity 1'51768,' 

On nitration it yields chiefly paranitrobromobenzene, together 
with a small quantity of orthonitrobromobcnzene. If from three to 
four grams of bromobenzene be given to a large dog daily, several 
different bodies make their appearance in the urine ; amongst 
these are parabromophenylsulphuric acid, CgH^BrSOjH, and 
bromophcnylmercapturic acid, C,iH,flBrNSOg. This latter sub- 
stance crystallizes from hot water in long needles, decomposing on 
boiling with caustic soda into parabromot bio phenol, CgH^BrSH, 
ammonia, acetic acid, and other bodies as yet unexamined;* 
according to Jaffe cblorobenzeue acts on the animal economy in 
a similar manner. 

Paradibromditmeiie, C^H^Brj, waa discovered by Conper.* It is 
produced when one part of benzene and eight parts of bromine 
are boiled for some days in an apparatus conoected with an in- 
verted condenser ; the excess of bromine is removed by heating, 
the residue washed with caustic soda, and cooled down, until para- 
dibronwbenzene crystallizes out. This is purified by pressing out 
the mother liquor, and recrystallized from alcohol* It is also 
formed by heating parabromopheool with phosphorua penta- 
bromide,^ aad from parailibromaniline by the diazo-reactiou.* 
It crystallizes in monocUnic tables or prisms melting at SOS" 
and boiling at 210*. 

Orthod-ibroniohe.mcnr, CgH^Br,. is formed in small quantities 
during the preparation of the para-compound,' hut more 

' Fittijt, Ann. Chrm. rharm. ciinif. 201. * Fitlig, ibid, clxxxi. 2SB. 

• Adrieonz, Ber. iJruUch. Chetit. On. vi. HZ. 

* Baamann and Preusse. Hid. xii SOB ; Jaffd, ihid. 1092. 
» Ann. Ch^n. Pharm. eiv. 225. 

* Kirhe and Bcranl, ibid. (?iziiiL 51, 
^ Msyer, ibid, einrii. 221. 

• r.ricsH, Jahretb. ISflB, 454 ; Kilmor. ibid. 1875, 303. 
■ Eiew), ^nn. CAem. Ffutrm. clxiv. 176. 



readily from orthobromaiiilinc.^ It ia a light mobile liquid 

having at 0° a specific gravity 2003. boiling at 224°, and on 

cooling forming crystals melting at — 1°. 

MctadihramfihtmeTu, CgH^Bfj, was obtained by V. Meyer and 

Stiiber, by heating an alcoholic solution of metadibromamline 

with ethyl nitrite.* 

CoH^BryNHj + C^Hj.NOj = 
CoH^Bfj + CjH^ + N, + HjO. 

It has also been prepared from metabromantline.^ It is a liquid 
boihng at 219'4°, not solidifying at —20°, and at 18'6° having a 
qrecific gravity of 1'955. 

TrihTOTiiobeHzcnts, CgHjBrg. 

HcltiDg-point. Bnilinfi-pomt. 

* Symmetrical (1.3.5) needles 119-6° 278" 

* Asymmetrical (1.2.4) needles 440° 275 — 276* 
^ Adjacent (1.2.3) rhombic tables &7-4° — 

TetrahrmiK^cmenes, C^H^Bfj. 

T Symmetrical (1.2.4.5) long needles 137 — 140° — 

« Asymmetrical (1.3.4.5) fine needles OSo" 329° 

» Adjacent (1.2.3.4) small needles 1G0° — 

PetiiabromobemeTie, CjHjBr, was obtained by Kekul^, tc^ther 
with symmetrical tetrabromobenzene, by heating nitrobenzene 
with bromine to 250°. It is also formed together with tri- 
broraobenzenesul phonic acid, when symmetrical tribromobenzene 
is heated, for from eight to fourteen days, with funaing sulphuric 
acid to 100°.'" It crystallizes in neetUes. melting at 260°. 

Hct^mmtobenzeTie, C^'Bv^ is formed by the action of bromine 
chloride on benzene, phenol, azobenzene, and toluene at a 
temperature of from 350° to 400°.'^ It is obtained from secondary 
hexyl iodide in this manner, together with carbon and tetrft- 
hromomethane, at a temperature of 200°.'* 

' Korner, JahrtA. 1876, 603. ' Ann. Chem. Phann. cU». 161. 

* Kiimer, WuretCT, ibid, elxiyi. 170. 

* Kiirnur ; M«yBr and Stflbtr, loc. cU. 

• MitacliBrlich ; Meyer ; Komer ; Griess ; Wurslcr, Ber. Dealteh. Chtn. Ou. 
vi. IIBO ; Wroblewaky, ibid. riL 1060. 

• Kocncr, 

' Bichfl »nd B«mrd : KcknH. Ann. Chem. Fhann. cxrxrii. 172. 

■ Komer, ibid. 218 ; Miycr, tSid. 227 ; Wurster and Soiling, Srr. Deutsck. 
Chtm. Gei. vii. 16fll. 

■ Hklbcrat&dt, ibid. xiv. Bll. 

" Bossmftn, Lithi^'t .^nn. cxci. SOS. 

" GeHaacT, Bcr. DeutKh. Clumt. Chi. ix. 1S05. " WaLI, ibid. ii. IG06. 
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It is also obtained when symmetrical tribroraobenzene is boiled 
witb sulpliuric acid, by which no sulphonic acid is formed, but a 
portioD of the tribromobenzene is decomposed with evolution of 
carbon dioxide.' It is most easily obtained when a few inilli- 
grama of aluminium are added to bromine free from chlorine 
and cooled by ice, two-thirds of the calculated amount of 
benzene being gradually added. The reaction is completed in 
a day.* 

It is almost insoluble in hot alcohol, and crystallizes &om 
toluene in long needles molting above 31o°. 



IODINE SUBSTITUTION PRODUCTS OF 
BENZENE. 

960 Moniodoienzt-ne-, CgHjI. — Scrugham obtained this substance 
by the action of iodine and phosphorus on phenol,' and Kekul^, 
by beating benzene with iodine, iodic acid and water, from 200° 
to 240°. The following reaction takes place. 

5C,H, + HID, + 21, = SCgHjI + 3H,0. 

At the same time a part of the iodic acid acts as an oudizing 
agent, converting the beuzene into water and carbon dioxide.* 
lodobenzene is also formed when sodium benzoate is treated 
with iodine chloride.* 

CgHjCO^Na + ICl = GaHJ + NaCl + CO^. 

It is also formed, together with higher substitution products, 
by gradually adding iodine chloride to a mixture of ahiminiura 
chloride and benzene.* It la, however, best obtained by the 
action of concentrated hydriodic acid on acid diazobeuzene 
sulphate.^ 

It is a liquid which turns red on exposure to light, and boils 
at 190° — 190'5°. Sodium amalgam converts it. in an alcohoUc 
solution, into benzene, while by heating with caustic potash it 
remains unchanged. 

Paradi-ioddbemenc, CaHjL, is formed, with raon-iodohenzene, in 

' Heraig, Montdah. Chrm. iL 192. 
' Giutavson, Beilslein's Orijan. Chrm. 822. 

» Aft. Chrm. Pharm. icii. 318. ' lh:d. txxxviL 162. 

* St^lii'itzonberj^r, Jahreib. 1862, 251. 
■ Greene. Omipl. Send. xe. it). 
^ GriM*. Ann. Chem. Pharm. cixxvii. r4. 
212 
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the preparation of the latter, according to the methods of 
Kekule and Schiitzenberger. 

It is also easily obtained from para-iodaniline by the diazo- 
reaction. It crystallizes in plates, melting at 129*4°, and boiling 
at 285".i 

Orthodi'iodohcmene, C^H^Ig, was obtained by Komer from 
ortho-iodaniline ; it crystallizes easily, and boils at a higher 
temperature than its isomerides.^ 

Mctadi-iodohenzcney CqH^Tj, can be obtained by means of the 
diazo-reaction from meta-iodaniline * and metadi-iodaniline.* It 
crystallizes from a mixture of alcohol and ether in rhombic 
tables, melting at 40*4'*, and boiling at 284•7^ 

Tri-iodohenzenCy C^Hglg, probably the asymmetrical modifica- 
tion, was obtained by KekuW by heating benzene with iodine 
and iodic acid. It crystallizes in small needles which melt at 
76^ and volatilize without decomposition. 



FLUORINE SUBSTITUTION PRODUCTS OF 

BENZENE. 

961 MoTwfliidbenzene, C^H^F, has been obtained by means of 
paramidobenzenesulphonic acid, which is converted by the 
diazo-reaction into fluobenzenesulphonic acid, a body not known 
in the free state. 

Its potassium salt, when heated with concentrated hydrochloric 
acid in a sealed tube, yields fluobenzene, a Liquid smelling like 
benzene, and boiling at 85** to 86°.* 



NITROSO-SUBSTITUTION PRODUCTS OF 

BENZENE. 

962 Nitrosohcnzene, CgHgNO, has hitherto only been prepared 
in solution. It is obtained when a solution of nitrosyl bromide, 
NOBr, or nitrosyl chloride, NOCl,in benzene,is added to a solution 
of mercury phenyl, (CgHg^gHg. The compound SnCl^ + NOCl, 

1 'Kekule, Zeitsek. Chem. 1866, 688 ; K(Jmer, Jahresh, 1875, 857. 
' Komer, ibid. 818. 

• Kornor ; Rudolph, Ber, DcxUsch. Chem, Oea, xi. 81. 

* Patcm6 and Oliveri, ibid. xvii. ref. 109. 
' Patera6 and Oliveri, ibid. xi. ref. 109. 
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wliioh is easily obUiine-d iD large yellow crystals by passing the 
vapours of aqua regia over stannic cliloride, acts stili better On 
tiistillation with steam a beautiful green liquid is obtained, 
smelling like mustard oil, which on treatment with tin and 
hydrochloric acid yields aniline.' 



NITROSUBSTITUTION PRODUCTS OF 
BENZENE. 

963 Nitrobenzene. C^HsNOj, was first obtained by Mitscherlich 
in 1834. by the action of filming nitric acid on benzene and termed 
uitrobenzide.' In order to prepare it in small quantities equal parts 
of fuming nitric acid and benzene are gradually mixed, the vessel 
being kept cool ; the mixture is then poured into water, and the 
heavy oil separating, washed first with wat«r and then with 
caustic Boda, after which it is distilled with steam. It is 
now prepared on the large scale, by a process which will be 
subsequently described. 

Nitrobenzene is a light-yellow, strongly refractive liquid, 
having at 0° a specific gravity, I'SOO. It has a peculiar smell, 
similar to that of oil of bitter almonds, at the same time 
reminding one of oil of cinnamon, and possesses a sweet and 
burning tast*. It boils at 210°, and at a low temperature 
solidifies in large needles, melting at 3°. In water it is scarcely 
soluble, but it dissolves reailily in alcohol, ether, benzene, and 
concentrated nitnc acid ; and ia itself an excellent solvent for 
many organic substances, which are sparingly or not at all 
soluble in the ordinary solvents. 

Nitrobenzene is poisonous, especially when the vapour is 
inhaled ; it produces a burning sensation in the mouth, nausea 
and giddiness, also cyanosis of the lips and face, and in 
serious cases, which frequently end fatally, symptoms of a 
general depression, such as fright, coma, humming in the ears, 
convulsions, and pallor, are observed, the breath and vomited 
matter smelling of nitrobenzene.* When introduced into the 
animal organism, nitrobenzene is transformed into aniline, whilst 
its homologues, such as paranitrotoluene, are oxidized to acids. 
and are not poisonous.* 

' Bieyer. Ber. DnUxh. Chmi. Oa, Tii. Ifl38. ' Po^. Aim. nxi. €25, 

* Gmidhomme, DU ThterfahTiknt da Herrm Aleinler Liu:iiui, uiul SrHning in 
aanH/irer unit mtialrT Betwhatig. 

• JtOi. Ber. JkuUeh. Chcm. Get. vii. 1873. 
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Nitrobenzene was first introduced into commerce by CoIIas 
under the name of essence of mirban, or artificial bitter-almond 
oil; and Mansfield, in 1874, patented a process for its preparation 
from coal-tar. It ia now prepared on a very large scale and 
employed for a. variety of purposes. 

Nitrobenzene ia manufactured by allowing a well-cooled 
mixture of fuming nitric acid, free from chlorine, and concentra- 
ted sulphuric acid to flow into benzene, contained in caat-iron 
vessels provided witli agitators (Fig. 10) ; the mixture must be 
kept cool. Towards tha end of the reaction, however, the 
temperature may rise to from 80° to 00°. When the reaction is 
over the product is run into tanks ; the acid mixture separates 
OS a layer at the bottom, whilst nitrobenzene, being insoluble 
in the acid, goes to the top. 

The acid layer is drawn off, and the nitric acid recovered. 
Crude nitrobenzene contains more or less benzene which lias 
escaped the reaction. To remove the latter, the crude product ia 
treated with steam, when the benzene distils over with a small 
quantity of nitrobenzene, and this mixture is used again for 
the preparation of nitrobenzene. The residual nitrobenzene is 
washed with caustic soda and water, and if necessary purified 
by distillation in high pressure stoam. 

Nitrobenzene is employed in perfumery, especially for scenting 
toilet soaps, but is much more extensively used in the manu- 
facture of pure aniline for the colours known as aniline blue and 
anihne black, also in the manufacture of magenta by the recent 
process, and for various other purposes to be hereafter mentioned. 
The nitrobenzene prepared from pure benzene is used in 
commerce under the name of light nitrdbensem, or nitrobenxent 
for blue or Hack. The Jieuvi/ nitrobenzene, or nilrobcntene far red, 
is obtained in a similar way from a mixture of toluene and 
benzene, containing about 40 per cent, of the latter, and is 
used for the preparation of magenta by the older processes. 
Finally, very heavy nitrohcTizene consists principally of paranitro- 
toluene and orthonitroioluene, from which the pure compounds 
can be prepared by fractional distillation. This is likewise used 
in the manufacture of colours. 

We may here remark that the above technical terms are not 
chosen with respect to the specific gravity of the different pro- 
ducts, since that of the pure nitrobenzene is greater than that of 
its homologue.s.^ 

' Sthulbt, CKmnii dca Kohttnthteri, 360. 




In ordci to prepare the crude product, benzene is run without 
cooling into a mixture of concentrated nitric and sulphuric acids 
ajid then boiled for a short time. It is purified by wEishing with 

' v<»7i. CSiTM. Phvt. [3], Hi. 187. 

• Jinn. Chrnt. Phnrm. Ivii, 2U. 

* Rinne unJ Zincke, B«. Deulnch. Clmm. Oa. vii. ( 
CKim. /lal, iv. 3DS) AMtatlJmm. Chem. Six. 1S76, i 
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water, presaing and crystallizing from alcohol, when the meta- 
compound separates out first. After Btauding for »ome time 
paradinitrobenzene crystallizes out from the mother liquor, and 
may be purified by recrystallization from absolute alcohol. The 
first mother hquor of the para-compound is freed from alcohol 
by diBtillation, when some of the meta-compound separates out ; 
the orthodi nitrobenzene ia then deposited and may be purified 
by recrystaUization from 25 per cent, acetic acid (Rinne and 
Zincko). 

OrthodinitTobensaie crystallizes from hot water or acetic acid 
in needles, and from alcohol or chloroform in monoclinic tables,^ 
melting at 117*9°. On boiling with caustic soda it is converted 
into orthonitrophenol, CaHj(NOj)OH, and on heating with 
alcoholic ammonia into orthonitraniltne,' CgH^(NO()NH,, whilst 
its isonaerides are not affectetl by this reagent, 

Mftadinitrohemcne is best obtained, according to Beilstetn and 
Kurbatow, by dissolving one volume of benzene in two volumes 
of nitric acid of sp. gr. 1"52, and finishing the reaction by 
heating. After cooling, 33 volumes of sulphuric acid are added. 
The whole is then boiled up. and after again cooling, precipitated 
with water. The washed precipitate is purified by recrystalliza- 
tion from alcohol. It crystallizes in long needles or thin rhombic 
tables (Bodewig), melting at 89-fi* (Kijmer). It is somewhat 
more readily soluble in alcohol than its isomeridea ; nevertheless 
when these are present only in small quantity it separates out 
first. It is used in the colour industry, and is prepared on the 
large scale, in the apparatus used for the preparation of nitro- 
benzene ; the usual method is to run a mixture of 100 kilos of 
nitric acid of sp. gr. 1*38, and 156 kilos of concentrated sulphuric 
acid into 100 kilos of benzene, After the completion of the 
reaction the acids separate out, and can be again used for another 
quantity of benzene. It is now gently warmed for some time, 
and the product separated in the liquid state. It is then 
repeatedly washed with hot and cold water, and is not generally 
further purified. 

It dissolves in alcohol, and on addition of a few drops of caustic 
potash to this solution, gives a magenta colouration, caused by 
some adhering dinitrothiophen. This reaction is given by all 
nitrobenzene prepared from benzene containing thiophen.' 



' BoJewiR, Pagg. Ann. elTiii. 239. 

■ Laubunbeimel', Ber. Deulaeh. Chtm. Oa. vc. IS2S : xL 11E5. 

» T. Moyir and Slsdlar, Bcr. DeuUeh. Cktm. Gai. xviL VIA. 



TRINITROBENZENE. 93 



Paradinitrobenzene fonns monoclinic needles melting at 171° — 
172° and subliming readily. 

965 Symmetrical TrinitTdbenzene, C^^(^0^^{2, : 4 : 6), is 
obtained by heating two parts of metadinitrobenzene with six 
parts of the most concentrated nitric acid, and fifteen parts of 
pyrosulphuric acid to 80° — 120°. It crystallizes from hot alcohol 
in white silky plates, or fern-like needles; when the cold 
saturated solution is allowed to evaporate slowly, small rhombic 
tables are obtained, melting at 121° — 122°.^ 

When oxidized with potassium ferricyanide in a weak alkaline 

solution, it is converted into picric acid or symmetrical trinitro- 

phenol, CgH2(N02)80H, which, as will be shown later, has the 

foUowinfiT constitution : 

** OH 

N0a/\N0j 



Trinitrobenzene forms with benzene the compound CgH3(N02)8 + 
C^Hg, crystallizing in hard shining prisms, quickly decomposing 
on exposure to the air. With other hydrocarbons it forms 
analogous compounds.^ 

CMoronitrobenzencSy CgH^ClNOj. 

Melting-point. Boiling-point. 

Ortho («) needles 325° 243° 

Meta (*) rhombic crystals . . 44*4° 235*6* 

Para (*) rhombic plates ... 83° 242° 

Bramnitrobenzenes, CgH^Br.NOg. 

Melting-point. Boiling-point. 

Ortho («) lance-like crystals . . 431° 261 

Meta (7) light yellow plates . 564° 2565 

Para (») needles 126—127° 255—256 

* Hepp, Lifbig'a Ann. cexv. 344. ' Ibid. ccxv. 875. 

' £ngelhardt and Latschinow, Zcitsch. Chcm. 1870, 229 ; Beilstcin and Eur- 
batow, Ann. Chem. Pharm. clxxxii. 107. 

* Ibid, 102 ; Griess, Jahrtab. 1866, 457 ; Laubenheimcr, Ber, DetUsch. Chem. 
Gts. vii. 1765 ; viii. 1622 ; ix. 764. 

* Riche, Ann. Chem, Pharm. cxxi. 357 ; Sokolow, Zeitseh, Chem. 1866, 621 ; 
Beilstein and Kurbatow, loe. cil. 105. 

* Hiibner and Alsberg, Ann. Chem. Pharm. clvi. 316 ; "Walker and Zincke, 
Ber. Deutneh. Chem. Oes, v. 114 ; Fittig and Mayer, ibid. vii. 1179 ; Kbmer, 
Jahresb. 1875, 302. 

' Griess, ibid. 1868, 428 ; Wurster and Gmbonmann, Per. Deutseh. Chem. Ges. 
vii. 416 ; Komer, loe. cU. ; Fittig and Mayer, Ber. Deutseh. Ch^m. Oes. viii. 364. 

^ Gouper, Ann. Chem. Pharm. civ. 225 ; Griess, l<)c. eil. ; Hiibner and Alsbeig, 
loe cU, ; Komer, loe eii. 
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lodonitrolemenes, C^H^INOj. 

Melting-point. Boiling- poiut. 
Ortho C) yellow needles . . . 4i)'4° — 

Meta (-) small raonoclinic plates 36° — 

Para C) needies ...... 1"1"5° — 

These disubstitution products, which are of great theoretical 
interest, can be easily converted into the corresponding amido- 
compounda, and these are transformed by meaos of the diazo- 
reaction into many other bodies whose constitution has been thus 
ascertained. 

With regard to the formation of these compounds it may 
be remarked that by the action of concentrated nitric acid 
on chlorobenzene and bromobenzene, the para-compound is ob- 
tained, together with small quantities of the ortho-compound. 
Metachloronitrobenzene, on the other hand, is formed when 
nitrobenzene, containing iodine or antimony chloride, is treated 
with chlorine. They can also he obtained from the nitrophenoU 
by replacing the hydroxyl by chlorine or bromine, and, in a similar 
way, from the nitranilines by the diazo- reaction. 

By heating the ortho-compounds with caustic soda, the hali^n 
is replaced by hydroxyl, and orthonitrophenol is obtained, whe^pas 
by heating with alcohohc ammonia, orthonitraniline is formed. 
The para-compound is acted upon by the above reagents in an 
exactly similar manner, but with greater difEculty, the meta- 
oompounda not being attacked by them (951). 



BENZENE SULPHONIC ACIDS. 

g66 MoTwbevseTiesulpkonic add, CgH5.SOo.OH. Mitscherlich 
obtained this compound by the action of fuming sulphuric acid on 
benzene, and called it benzinsulphuric acid. He states that, like 
Faraday, he did not succeed when ordinary strong sulphuric acid * 
was used ; but Freund has shown that on long standing in the 
cold it may thus be obtained.* It is more quickly prepared by 
heating benzene with sulphuric acid.' For this purpose a mixture 
of equal volumes of sulphuric acid and benzene are allowed to 

' Kdmer. Jahrab. 1876, 30!. ' GriMa, ZtittrK Cham. ISflS, 218 ; Eomer. 
> Eekal^, Ann. Chen. Pharm. cxziriL IflS ; Griess. 

* Fogg. Jitn. xxxi. 293 and 031. 

• AAn. Chtm, Pharm. atx. 7B. ' Stnnhonw, Proe. Say. Sec xir. 861. 
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boil gently for from twenty to thirty hours in a flask connected 
with an inverted condenser, when about O'S of the benzene 
passes into solution. Further heating does not increase the 
j-ield.' From the solution thus obtained the barium, lead, or 
calcium salt is prepared and other benzenesulphonates or the 
free acid obtained. 

Monobenzenesul phonic acid crystallizes in small four-sided 
tables, which deliquesce in damp air, and when dried over 
sulphuric acid contain two molecules of water of crystallization.' 
When its aqueous solution is distilled water passes over first, 
and then decomposition sets in with formation of benzene, 
phenyl eulphone, (CgHj),jSOj, sulphur dioxide, and carbonization 
of the residue (Freund). 

Barium bensenesulpkonate, (C(H5.S03)^Ba + H,0, ciyatallizes in 
pearly tablets which are slightly soluble in alcohol. 

Copper benzentsulphonate, (CbHj.S03)|,Cu + 6HjO, forms large 
light blue tables. 

£^i/l hementaulphonaie, C^Hj.SOj.CjHj. is formed by the 
action of benzenesulphoayl chloride on sodium ethylate, and is a 
peculiarly smeUing, oily liquid, which on boiling with water 
decomposes iuto alcohol and be nzenesul phonic acid." 

SeTtasnesulpkonic chloride. CjHj.SOjCl, is formed by the action 
of phosphorus pentachioride on benzcnesu!pliou.itc,' and is an 
oily liquid, which, on standing for a long time at 0°, sohdifies to 
large rhombic crystals.' It is insoluble in water and is scarcely 
affected by it. 

Under diminished pressure it can be distilled without decom- 
position ; at the ordinary pressure it boils, undergoing considerable 
decomposition, at 246° — 247° (Otto). 

JSmieJuait/pAtDiamidi;, CuH^.SOj.NH,, was obtained hy Chancel 
and Gerhardt by trituration of the chloride with ammonium 
carbonate." It is also easily obtained by treating the chloride 
with alcoholic ammonia. It is readily soluble in alcohol, shghtly 
in water, and erystaUizes from the latter in thin rhombic 
prisms, melting at 149° (Otto) ; with an ammoniacal solution of 
silver it forms the compound CgHj.SOj.NHAg — a ciyatalline 
precipitate (Qerhardt and Chiozza). 

' MkhDel and Ailair, Bcr. DeuUck. Chem. Oe$, x. 585. 

' Hiilmer, Liebi^i Aim. cci»iii. 235. 

» Schiller anrt Otto, BfT. IhulKh. Chtrn. ff«, ii. IflSB ; Ilubner, to. cU. 

' Gerhardt uid Chioiia, Jun. Chevl. Pharm. liuvii. 539. 

t Otto, ibid. «lv. 321. 

• Ibid. LtutriL 2fl8 ; Jahrahtr. 1855, 43*. 



96 



AROMATIC COMPOUNDS. 



967 £e7ae7tedwalphonicacids,CfJi^(SO^W)^ By heating benzo- 
nitril with faming sulphuric acid, Buckton and HotiaaDn obtained 
an acid of this composition ' consisting chiefly of the para-com- 
pound.* It is also formed as chief product when the vapour of 
benzene, heated to 240°, is passed into sulphuric acid.' If benzene, 
on the other hand, be heated with fuming sulphuric acid, the 
raeta-acid is-chiefly formed, and this on heating more strongly 
is partly converted into the para-compound. The isomerides 
can be separated by converting the mixture into the potassium 
salt, separating the crystals mechanically and ptirifying by 
recrystalli zati on.' 

Bemefieparadisulplumic acid is a very hygroscopic crystalline 
mass. Molting-poitit. 

CjH/SOjK), + H,0 small thin plates — 

C„H,(S0,Cl)5i " long needles 131* 

CoH,(SO,NHj), — 288° 

By heating the potassium salt with potassium cyanide, the 
nitrile of terephthahc acid, CnHj{COjH)j which is a para- 
compound, is formed; whilst by fusing the salt ^vith caustic 
potash an intramolecular change takes place and metadihydroxy- 
benzene or resorcinol, C5Hj(0H),, is formed. 

Bemeiumdndisiil phonic acid is formed almost exclusively when 
benzene is dissolved in an equal volume of fuming sulphuric 
acid, another volume of the latter ailded, and the liquid strongly 
heated in a retort with an upright neck for two to three hours, 
till the vessel is filled with white vapours,' The free acid is a very 
deliquescent crystalline mass containing 2i molecules of water. 

Melting- point 
(•) CoH/SOjKlj -)- 1 3 HjO needle-shaped oblique prisms — 

CaH,(SO„Cl)j lai^e prisms 63° 

CgH^(SOi.NHs)i needles 229° 

Eenzene-ortkodisulphonic add is obtained from the corresponding 
amidobenzenedisul phonic acid by the diazo-reaction. Its potas- 
sium salt is readily soluble in water and crystallizes tolerably well.^ 

Mel ling -point, 

C„H,(SO,CI). large 4-sided tables 105° 

CeHj(SO,.NEyj needles 233' 

' Ann. Cktm. Pharm. c. 157, 

» Gairick, ZeitsdiT. Chem. 1869, BEO ; Fittig, Ann. Chan. Pharm. cIidt. 128. 

■ E«li, Ber. DcuOeh. Chem. Gt*. viii. 817. 

' Bnnh »ud Senliofer, ibid, viii. M'i : Korner ami Monaelise, Hid. ix. E83. 

• Hei(welm»nn, Ann. Chtn. Fhann. cliuriii. 157. 

* nciche, ibid. Mui. 66. ' Drebes, Btr. DeaUeh. Chan. Oa. ix. ESS. 
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Bemenetrwwlphonic acid, C^i^i^O^S)^ + 3HjO, is formed by 
heating benzene with gulphuric acid and phosphorus peutoside for 
some hours to 280° — 290°. The free acid crystallizes in flat, very 
hygroscopic needlei The potassium salt, CjHj(SO,K), + 3H,0, 
ibrms oblique prisma." 

Diphenylsulpkottt, (CgHJjSO^, was obtained by Mitscherhch, 
together with benzenesulphonic acid, by the action of fuming 
sulphuric acid, or sulphur trioxide, on benzene, and termed by 
him Bulphobenzide.' Subseqnently Stenhouae obtained it by 
oxidizing diphenyl sulphide, (C^HJ^S, and gave to it the name 
of fiulphobeuzolene ; * Kekul6 and Szuch then showed that tbia 
body is identical with sulpbobenzide.* It is also formed in 
small quantities by the dry distillation of ammonium benzene- 
sulphniiate '' and in larger quantities by the action of sulphuryl 
chloride, SO^Clj, on benzene.* It is insoluble in cold water, and 
soluble only with difficulty in hot, and crystallizes from benzene 
in large prisms melting at 128° — 129° and'sublimes easily. It is 
attacked by aqueous or alcoholic solutions of the alkalis even in 
the cold, and concentrated sulphimc acid dissolves it without 
tlecomposition ; on beating it forms benzenesul phonic acid. 

Benxetusulphinic add, CjHjSOjH. — By the action of zinc ethyl 
on benzenesul phony 1 chloride. Kalle expected to form the com- 
pound, CflHj.SOjCjHj, but instead of this he obtained the zinc 
salt of the above acid, which he called benzylsulpburous acid.' 

2CgHj.S0,Cl + (CjHJjZn = (CflHji.SO^jZn + 2G^fi\. 

It is also formed by the direct -combination of sulphur dioxide 
and benzene in the presence of aluminium chloride.^ 

It is more easily obtained by gradually adding zinc-dust to a 
well-cooled alcoholic solution of benzenesulphonic chloride, and 
then washing out the alcohol and zinc chloride from the thick 
mass with cold water. The zinc salt is almost insoluble in cold 
water, and is converted into the sodium salt by the addition of 
carbonate of soda, the benzenesulphinic acid being precipitated 
from the concentrated solution by the addition of hydrochloric 

It is soluble with difficulty in cold water and crj'stallizea from 
hot water in stellated prisms, which melt at 68° — 69° and are 

■ Smliorcr, Ann. Chtvi. Pharm. clxiir. 243. 

' fogg. Ann. swi, 825. * JIop. Son. Proc. 1865, xW. 854. 

• SfUaAr. 1887, 193 and 300. ' Fromid, ibid. exx. 81, 

■ Knapp, iftvi ISSB, 41. 

• Frimlol and Orafts, Jnhreib. 1873, 73i). 

• Olto, Ser. Ltutteh. Chem. Qa. ix. 1SS4 
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readily soluble in alcohol ami ether. Oxidizing agents easily 
convert it into beozenesulplionic acid, even the osygen of the 
air gradually transforming it. Phospliorua pentachloride converts 
it into benzenesulphonic chloride. 

CflHj.SOjH + PCls = CaHj.SO.Cl + HCl + PCI,. 
By fiising with caustic potash it is decomposed, forming 
benzene and potassium sulphite. 



NilTobenzencsulphonic Acids, CflHj.fNOj).SOjH. 

968 Aa acid of this composition was first obtained by Laurent 
by treating benzenesulphonic acid with nitric acid,' and Schmitt 
showed that it is also obtained * by warming nitrobenzene with 
fuming sulphuric acid. This was supposed to be a single definite 
compound until Limpricht pointed out that, while the chief 
product in both case^ is the meta-acid, the other two isomerides 
are formed at the same time. These may be roughly separ- 
ated by means of their barium salts, but the separation is only 
rendered complete by conversion into the amides, which are 
decomposed by heating with hydrochloric acid to 150°.* 

According to Limpricht these compounds are prepared by 
mixing 200 gnns. of benzene with 300 grms. of fuming sul- 
phuric acid, removing the undissolved benzene after two to 
three hours, and adding to the solution nitric acid, of about 
sp. gr. 15, drop by drop till the action ceases; water is then 
added and the liquid poured off from the dinitrobenzene formed 
at the same time. The solution is neutralized with milk of 
lime, and concentrated, when the calcium salt of the meta-acid 
crystallizes out first. This is decomposed with potassium car- 
bonate and the dry potassium salt ground up with phosphorus 
pentachloride ; the product is washed with wat^r, which scarcely 
attacks the nitrobenzenesulphonic chloride ; it is then dissolved 
in ether and dried over calcium chloride. On evaporation the 
chloride crystallizes out in large, shining prisms. By treating 
these with strong ammonia the amide is obtained and this is 
purified by recrystallization. 

The last crystallizations of the calcium salt are worked up in 
the same way, but the mixed clJorides are at once converted 
into the amid -com pound 3 which are separated by frequent 
racrystallizationa from hot water — the ortho-acid being the least 



1 Jahrab. 18G0. 419. 



• Mill, Chem. Fharm. c 
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soluble, the pam-acid the moat, and the soluhility of the meta-ticid 
lying between that of the other two. 

Of the free acids metaiiitiobenzenesulplionic acid is the only 
one which has been prepared pure ; it crystallizes in large, flat, 
deliquescent tables, and it is not attacked when boiled with 
fuming nitric acid. 

The properties of the clUorides and amides are given in the 
following table : 

NUrobenzene^ilphonyl chhridca, CoH,CNO^SOj.Cl. 
Mehing- point. 

Ortho, white prisms 67° 

Meta. i-sided prisms . . . 605° 
Para, red oil — 

Nilrobfnzenemlphona m ides, • CflHj(N Oj)SOj.NH^ 

Ortho. fine needles 180° 

Meta. needles or prisms . . . 101' 
Para. fine needles 131°. 



HYDROXYBENZENES AND ALLIED BODIES. 

969 Phenol, C!(,HjOH. — This compoimd was discovered by 
Runge in IH'Si in coal-tar, and called by him " Kohleniilsaure " or 
carbolic acid.' Laurent obtained it pure in 1 Sil and determined 
its composition ; he gave it the name of phcnylhydrate (hydrate 
df phi^nyle) or phenic acid (acide phc'nique),* from ^ivtiv, to 
eniit light, probably because it was found as a by-product in the 
oils from the manufecture of illuminating gas. Oerhardt named 
it phenol in order to mark the fact that this body Is a kind of 
alcohol, whence it has also been termed phenyl alcohol. Phenol 
was for a long time confounded with creosote, discovered by 
Btichenbach in 1832, although Runge had already pointed out 
that phenol is distinguished from wooil creosote by having an 
acid reaction and by the fact that, if used instead of creosote 
for the preservation of meat, it imparts to it a strong and very 
ntipleasant taste. Later investigations have proved that wood 
creosote is a mixture of different compounrls and only contains 
very small quantities of phenol. This latter is a product of the 
dry distillation of many organic bodies, being found in largest 
' Akv. CIUju. Fkyt. [3], 195. 
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quantities in the tar obtained by the dry liistillation of coal, 
lignite, and peat. 

Wijhler found it iu small quantities in castoreum,' a sub- 
stance secreted by the pr^eputial glands in the beaver, and Stiidler 
has indicated its presence in the urine of man, the horse, and the 
cow.' It occurs in urine as the potassium salt of the unstable 
phenyl-sulphuric acid,^ and for this reason it can only be detected 
by distillation with hydrochloric acid.* Healthy urine from & 
mixed diet contains 0004 grm. of phenol per litre,* but under 
patholo^cal conditions it may rise as high as r5575 grm. 
(Salkowski). Phenol is also formed when albuminoid bodies are 
allowed to putrify in presence of some water and pancreas." 
and hence it is found in small quantities ui excrements^ 

According to Griffiths it also occcurs in the tninli, leaves, and 
Bap of the Scotch fir (Pinus sylvestris).* 

When benzene and water are shaken up in the air with 
palladium hydride (Vol. II. Part II. p. 425), a little phenol, 
together with other products, is formed.* It is obtained in 
larger quantities, together with oxalic acid, when water is poured 
on to phosphorus, some benzene added, and the whole exposed 
to the action of sunlight. In both cases the oxidation is 
effected by hydrogen dioxide, which also oxidizes benzeue 
directly.'* 

CjHj + HO.OH = C^Hj.OH + HOH. 

Phenol is also readily formed when oxygen is passed into an 
agitated mixture of benzene and aluminium chloride." 

Hofmann '* and Hunt " obtained it from aniline by treating a 
hydrochloric acid solution with silver nitrite, when dia;!o- 
henzene chloride, which had been previously obtained by Griess, 
is first formed. 

Wurtz '* and Kekulti " found that phenol may be easily 
obtained by fusing benzenesulphonic acid with caustic potash ; 
caustic soda gives a smaller yield than potash, and the best 



' Jnn. Chem.. Pharm. livii. 3B0. " Ibid, liivii. 18. 

• BHumanii, Srr. Deutsch. Chan, Go. ix. 55. 

< Snlkowaki, Und. ii. IfiBG. > Munk, ibiil. ISSlt. 

• Baumann, ibid. x. 885 ; Odennatt, JmtTn. Frail. Chrm. [2], iviii. 2*ft. 

' Prieger, ibid. [2], xvii. 138. » C'hem. Kean, xUx. B' 

• Honpe.Scfler, Urr. DenhcK. Chtm. da. lii. lEBl. 
" Leeds, iiuL liv, 976. 

> Friedet and Crafts, Mil. Sae. Chim. xxxi. <83. 

■' Akh, Chem. Pharm. Ixxv. 858. '* Silliman, Amaric. Joum. 184B. 

• Ann. Chem. Pharm. cxli». 121. " Lekrh. Org. Chem. m. 18. 
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proportions are six molecules of the latter to one molecule 
of potassium beDzenesutphutiate. The excess of alkali assists the 
reaction and by dilution prevents the overheating of the melt.* 

Berthelot obtained phenol from acetylene by dissolving in 
fuming sulphuric acid and fusing the product with caustic 
potash.* It is also formed in smaller quantities, together with 
glycerin ether (Vol. III. Part II. p. 351), and other products, 
when glycerin is distilled with calcium chloride.* 

Phenol waa first prepared about forty years ago io larger 
quantities from coal-tar by Sell' in Offenbach, and Bronner 
in Frankfort.* Its manufacture in large quantities was com- 
menced in England in 1861, by Messrs. Orace Calvert and 
Charles Lowe, at Bradford, near Manchester, The latter dis- 
covered in 1862 that phenol forms a hydrate with water which 
crystallizes at a low temperature, a property which is not possessed 
by its bomologues. This hydrate splits up on distillation into 
wat«r and pure phenol, and the tatter compound waa thus 
first brought into commerce by Messrs. Charles Lowe and Co., 
Lowe's carbolic acid melting at a higher temperature and 
boiling at a lower temperature than the ordinary commercial 
product. At present pure phenol ia prepared by many firms. 

It was formerly obtained by distilling the portions of tar boiling 
between 150° — 250°, but it is now prepared from the portion 
boiling between 150° — 200°, or the so-called middle oil, which, 
af[«r the larger quantity of the naphthalene contained in the oil 
has crystallized out, is treated with caustic soda, of sp. gr. 134, 
and the mixture well worked in a cylinder by means of an 
agitator. After standing for some time, the lower layer ia drawn 
off from the upper, which consists of hydrocarbons, diluted with 
water and allowed to stand in contact with air, when naphtha- 
lene and tarry products separate. The aqueous solution il * 
fractionally precipitated by dilute BulpluiHc afid, tarry matteni 
separating out first, then the homologues of phenol, and, lastly, l 
phenol itsel£ 

In other works the decomposition is completed in ono 
operation and the tar-acids separated by distillation, the portion 
boiling between 175° to 200° being collected separately as the 



' Drfteaer. Joun. FraJd. Chcm. [2], xrii. 364. 
' Crrmpl. Jtmd. liviii, 639. 

• Ann, Chem. Phann. SappL *uL 251. 

* KormBUD, Report Limdon EAUnlim, 1863. 

' C. BKinner jirqnrMl "creoaoto aa dear m w«ler," which wm ft«qapnlly 
Tcturnod, beoaoM it cijitallwd in winter. Liugc, Xii^. Coat-Tar, Ic. 
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crude carbolic aciJ of commerce. By repeated fractional dis- 
tillation, and by cooling the portions boiling between 180° to 190", 
crystalline pbenol is obtained, which, however, still contains 
more or less paracresol. In order to prepare chemically pure 
phenol, either Coupler's apparatus is employed, or the above- 
mentioned hydrate is decomposed by distillation. 

Phenol crystallizes in long rhombic needles melting at 42° 
and boihng at 182° (Lowe). Its melting-point is lowered by the 
admixture of even insignificant quantities of ita horaologues, 
OS well as of naphthalene and water. A few drops of the latter 
suflSce to liquefy a large quantity of phenol The above- 
mentioned hydrate, SCgHgO + HjO, solidifies on cooling to 
crystals melting at 17° (Lowe). The specific gravity of liquid 
phenol at 46° is 1-0560. and at 5G° is 1'0469.> 

970 Phenol combines with liquid carbon dioxide to form a 
crystalline compound,^ which ia also obtained when salicylic ocid, 
or the isomeric para-oxybenzoic acid, is heated for two hours to 
250° to 260° in a closed tube, when this acid decomposes easily 
into phenol and carbon dioxide. On cooling, the compound 
separates out as a crystalline mass, similar to the pyramidal 
form of common salt, and melting at 37°. The compound is, 
of course, only stable under pressure.* 

Phenol also forms with sulphur dioxide a compound which 
crystallizes in yellow, rhombic tables melting at 25° to 30° and 
dbtilhng at 140° in a stream of sulphiu" dioxide. On exposure 
to air it quickly gives off sulphur dioxide. Its composition ia 
probably SO, + 4C0H5O.* 

Phenol possesses a pecuUar smell and has a bumiug, caustic 
taste ; it is soluble at the ordinary temperature in fifteen parts 
of water ; its solubibty increases with increase of temperature, 
BO that at 84° both liquids may be mixed in all proportions.' 
It is readily soluble in the fatty oils and glycerol, and dissolves 
in alcohol and ether in every proportion. 

Pure phenol remains colourless on exposure to light and air, 
but if it contains a trace of impurity it is quickly coloured red 
or brown, and deliquesces in moist air. 

It acts on the skin as a powerful caustic; it co&^latea 
albumen and precipitates solutions of gelatine. Taken intemall; 

' Lodenburn, Bcr. DrnUch. Chfm. Oa, rii. 1667, 
' Barth, H'im. Ahad. Ber. Iviii, a. IS, 

■ Kle])!, Jo«m. PraU. Chun. [2], xxy. 46*. 
* H"lior, ibid. ixv. 463. 

■ Aloxgaw, Sirr. DtvUck. Chem. Om. ix. 1810. _j 
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it is a viuient poiaon ; a few drops kill a dog, aud plants expire 
ia a dilute oquoous solution (Frericiis and Wohler). In cases of 
poisoning by carbolic acid, which not uufrequeutly occur, Crace 
Calvert recommeuds olive or almond oil as an antidote; 
HusemaQD advises the use of sucrat« of lime prepared by 
adding five ports of slaked lime to sixteen parts of sugar in 
forty parts of water; after digesting for three days it is filtered, 
the solution evaporated, and the residue dried at 100°.^ 

When the vapour of phenol is passed over red hut zinc dust 
it is reduced to benzene." In this way all phenols and various 
other oxidized aromatic compounds can be converted into the 
corresponding hydrocarbons. This reaction, discovered by Baeyer, 
ie gf great interest, as it led to the discovery of artificial alizarin, 
the colouring matter of madder. When phenol is merely passed 
through a red-hot tube it fjnns benzene, toluene, CjHg, xylene, 
C^,y naphthalene, C^^Hg, anthracene, C,jH,g, and a small 
quantity of phenauthreue, C„H,j.' 

£eaaioiis of Fkenol. — It has been remarked in the introduction 
that must of the phenols give characteristic colours with a solu- 
tion of ferric chloride, tins property having been first noticed in 
phenol par excdUiux by Kunge, who obtained a violet colouration 
with ferric salts. This reaction is, however, not a delicate one, 
and does not occur in presence of alcohol.* By adding some 
ammonia, and then a solution of bleaching powder to au aqueous 
Bolutioa of phenol a blue colouration is obtained.^ Klillon's re- 
sent (a solution of mercuric nitrate containing nitrous acid) 
gives on boiling with a phenol solution a yellow precipitate, 
which dissolves in nitric acid, yielding a deep red coloured 
solution. By this reaction, Tinroiroo >jf phenol can be detected. 
Salicylic acid likewise gives this reaction and the presence of 
phenol must therefore be confirmed by adding to the solution 
ammonia and sodium hypochlorite. When the solution contains 
not less than Toiini "^ phenol, the blue colour ia obtained after 
standing for twenty-four hours.* 

By dissolving 6 per cent, of potassium nitrite in strong sul- 
phuric acid and adding phenol, the liquid ia coloured brown, then 
green, and afterwards blue.' The colouring matters hero formed 

' Sctialti, SleiniehUntAeer, 446. ' Ahu. Clum. Pharvi. til. 29B. 

' KnmifiB, ibid, clxxxix. 1!8. 

* Uesae, LUiia'i Atin. clxixji. 161, 

• Berthelot, Jttp. t'Aim. Jppl. i. 281 ; Lei, £o-. DcuUch. Ch-rm. Grt. liL 4E8 j 
ilio SalkDH'skt. /VekriW Zr>ttehr. xi. 3)6. 

•Almtfn. Pharm. Jeun. Trata. [3], vii. 812. 
' LiBbciuiAnu. /ler. iMdnch. Chein. Go, vil 24r. 
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will be Bubseqiiently described. On adding bromine water to an 
aqueous solution of phenol a yellowish white precipitate of tri- 
bromophenol is obtained, which disappears until an excess of 
bromine Las been added. If the solution contains 1 part of 
phenol to 50,000 to 60,000 parts of water, a crystalhne precipitate 
separates out in a few hours. Aniline, and some other bodies, 
give similar precipitates, but these may be easily distinguished 
from tribromophenol by bringing some of the washed precipitate 
into a test tube with some water and sodium amalgam, shaking 
and warming the mixture. The liquid is then poured into a 
basin and dilute sulphuric acid added, when the characteristic 
smell of free phenol is noticed, and, if the quantity is not too 
small, it separates out in oily drops,' 

The easy transformation of phenol into tribromophenol can be 
used for the quantitative estimation of phenol by determining 
the weight of the tribromophenol (Landolt). It is, however, 
simpler to add to the phenol solution a normal solution of 
bromine in caustic soda, and hydrochloric acid, and titrate 
the excess of bromine with potassium iodide and sodium 
thiosulphate.* 

Uses of Phenol. — This body, commonly known as carbolic acid, 
is used in the pure state, mixed with water, glycerol, or olive oil, 
as a powerful antiseptic in medicine and surgery, its dilute 
aqueous solution being employed as a spray in surgical operations 
(Lister's dressing). It is also used for destroying parasitic and 
other organisms infesting both animals and plants. Its aqueous 
solution is also employed in a more or less pure state for impreg- 
nating or creosoting wood, &c. For the latter purpose the crude 
carbolic acid which contains cresol can be used in many cases, 
or cresol alone may be employed. For certain purposes it is 
desirable to have the antiseptic in a sohd form, and phenol is 
then mixed with such substances as marl, clay, chalk, infusorial 
earth, saw-dust, &c. McDougall's disinfecting powder is a 
mixture of calcium phenate and magnesium sulphite. 

A considerable quantity of phenol is now used for the manu- 
facture of salicyhc acid, and of various colouring matters, such as 
picric acid, aurin, azo-colours, &c, 

971 Pkenaics. — These bodies, which are also called carbolates, 
were first prepared by Runge and Laurent, 

' Lsndolt. Ser. DnUaA. Chem. Ga. ir. 770. 

' KoppBBchur, Frratni'm' Z'Utchr. xv. 233 ; sea abo Deftener, Jmrm. fVol't 
Chem. [2], zYiL Sao ; Chgmdelou, £h». Soe. CMm. xuviii. 6S. 



PHENATES AND PHENYL ETHEHS. 106 

Potamum pkeriaie, 01 phfinolpolamum, Cg^fiK, is obtained by 
warming equal equivalents of phenol and caustic potash, or by 
dissolving potassium in phenoL In order to prepare the pure 
compound, phenol is gradually heated with the requisite quantity 
of the metal in an atmosphere of hydrogen. As soon aa this is 
completely dissolved, the solution is cooled, when a radiating, 
crystalline mass ia obtained, containing cavities in which well- 
developed needles have been formed.' The salt is extremely 
hygroscopic. It was formerly supposed that phenol does not 
decompose [mtassium carbonate, inasmuch as an alkaline pbenate 
rapidly absorbs carbon dioxide (Runge). But Baumann has 
shonii that the crj^stalUne pbenate can be obtained hy boiling 
phenol with a solution of potassium carbonate.* 

Sodium phenate, CgHjONa, is prepared in a similar way to 
the potassium compound. It is obtained in large quantities by 
dissolving the calculated quantity of phenol in strong caustic 
aoda, an excess of phenol being avoided, as, otherwise, a dark- 
coloured product is obtained. On evaporating the solution to 
dr^Tiess, and continually stirring the heated residue, the whole 
falls to a dry powder. Sodium pbenate is very hygroscopic, and 
must, therefore, be placed while hot in an air-tight vessel.' It is 
employed in the manufacture of aahcylic acid. 

The phenates of calciimi, barium, lead (Runge, Laurent), 
thaUium,* and aluminium,^ have likewise been prepared. 
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97a Phenyl oxide, or dipJwnyl ether, {0^^)fi, was first ob- 
tained by Limpricht and List, in small quantities, together with 
other products, by the dry distillation of copper benzoate. It is 
prepared by warming a solution of diazobenzene sulphate with 
phenol : " 



CsHs.N3.S0,H - 



CHao. 



r.H, 

C.H. 



+ SO.H, + N,. 



' Hartmaim, Jonm. Pralct, Chem. [2], iv{, 36. 

» Ber. DeiUth. Chun. Oa. x. 686. 

» H. Kolbo, Jtnim. Frakt. Chf.m. [2], x. S!). 

* KnhlmBnD, Jahrab. 18d4, m. 

■ G1sd«tone tnd Tribe, Journ. C'hcm. Soe. I8S1, i 

• Uo&au«teT, Ami. Chem. Fharm. •;\\x. 181. 
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Phenyl oxide is also formed, together with otlier products, by 
warming phenol with aluminium chloride.' It separates out from 
its Bolutiona as an oil, which solidifies at a low temperature to 
needles or four-sided prisms melting at 28°. It smells like 
geranium, and boils at 252° — 253°. 

Phenyl oxide is an extremely stable body, which is neither 
attacked by phosphorus pentachloride nor by a solution of 
chromium trioxide in acetic acid. Even hydriodic acid does not 
act on it at 250', and it remains unchanged when ignited with 
idnc-dust. 

Phenyl methyl e/Atrwaa first obtained by Cahonrs by distilling 
anisic acid {methylparosybenzoic acid) with baryta, and waa 
therefore called anisol.* 

CflH( { ^§^ = CgHfiOCHj + CO^ 

In the same way he obtained it from wintergreen oil, which 
chiefly consists of methyl salicylate, which is metameric with 
anisic acid." He then found that anisol is also formed by using 
Williamson's method of preparing mixed ethers, viz., by heating 
potaasinm phenatc with methyl iodide, or by distilling it with 
potassium methyl sulphate.* It is obtained in lai^er quantities 
by heating sodium phenate to 190° — 200°, and passing methyl 
chloride through the mass by a tube reaching to the bottom of 
the vessel as rapidly aa it is absorbed,* 

Anisol is a pleasantly-smelling liquid, boiling at 152°, and 
having a sp, gr. of 0"991 at 15°, It is not attacked by con- 
centrated hydrochloric acid at 120° — 130°, but hydriodic acid 
decomposes it at 130° — 140° into phenol and methyl iodide.' 
Heated zinc-ilust does not decompose it.^ 

Phenyl ethyl eih^r, CaHjOCjH^. — Baly first obtained this com- 
pound by the action of ethyl sahcy!at« on anhydrous baryta, and 
by the distillation of the product ; the new compound he termed 
salithol.^ Soon afterwards Cahoura obtained it by the same pro- 
cess and called it phenetol (phun^tol "), and then prepared it from 
ethyl iodide and potassium phenate.'" It is also easily obtained 
by heating sodium phenate with sodium methyl sulphate for, 

' Mcrt »nil Weith, Bit. DmtiHA. Chrm. Ga. xiv. ISB. 

» Ann. Chan. PHana, ill es. 

» Bid. xlviii. 66. ' Ibid. Ixxviit, 226. 

* Vinnent, BuU. Hoe. Chim. xl. \W. 

* Gnibe, Ann. Chan. Fharm. i^xxxtt. 14D, ' Den, Hid. clii. flS. 

* Joum. Chem. Soe, ii. 28 ; Ann. Vhcm. Phann. Ixi. 269. 

* Ann. Chem. eharm. Ixxir. Sll. «■ Ibid. UxviU, 226. 
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several hours to 150**.^ It is a liquid possessing similar properties 
to anisol, and boiling a£ l72^ 

We are also acquainted with the following mixed phenyl ethers 
containing monatomic alcohol radicals : 

Boiling-point. 

Phenyl isopropyl ether,* (CHs)XH j q ^,j.go 

Phenyl propyl ether,» ^^JJ^ | O 190— 191* 

Phenyl isobtuy 1 ether,* (CH3)2C2H3 j ^ ^ g^o 

Phenyl amyl ether,* ^^i | O 224—225* 

Phenyl allyl ether,« ^^Hg | q 102—195* 



'O 



ro 



Diplunyl methylene ether, {p^fi)j^Yi^, is obtained by heating 
methylene bromide with potassium phenate. It is a liquid with 
a faint odour resembling that of phenol, and boiling at 293** — 295*".^ 

Diphenyl ethylene ether, (C^fi\Cfi^M formed when potassium 
phenate is heated with ethylene bromide to 140*. It forms 
crystals melting at 985°, difficultly soluble in cold, but remlily in 
hot alcohol, and ether.^ 

By allowing equal molecules of sodium phenate and ethyU;nf; 
bromide to act upon one another in alcoholic s^^lution, phenyl 
bromethyl ether, C^HjOCjH^Br, is formed. It crystalliz^^'S in 
colourless needles melting at 39°, boils with slight decomfx^ition 
at 240° — 250°, and easily loses its bromine. By heating th'r 
ether with alcoholic ammonia to 100' — 120\ the hydrtthroui'uU' 
of imidodiethylene phenyl ether, ''C^H^OC^H^y^HN, in innuiA, 
and by acting on this with soda the free \A^i is ohUiAutA tun a 
thick, strongly basic oiL' 

Fh^nolglucofMe, QH„0/OQH^, Is fonti'A by the n/rtion of 
alcoholic potassium phenate on acevx:hloi<yhydr'^r ^Vo\, III 
Part IL p. 545) : 

=c^Hu05:oc;h^ -f 4Cji,;^x;jf,o ^' km 
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» Caboan, Ann, Chrm. J'karm. lxxv;::_ t^. 
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* Weddlge, Jimrtu FroiL Ckem, 'JT^'xj.r. HI, 
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It is soluble in colil, but still more so in hot water, and 
cryat-allizes frum its aqueous solution in concentrically grouped 
needles which melt at 171°— 172°.i By heating it with 
aoetic anhydride and sodium acetate, the triacetyl-compound, 
C,Hi(C,HsO)jOs(OCaHJ, which crystallizes from hot alcohol 
in long shining needles, is formed.* 

We have already remarked that dextrose frequently occurs as 
a product of decomposition of bodies belonging to the vegetable 
kingdom, termed glucosides, which are split up by dilute acida, 
or by certain ferments, with assumption of water, yielding sugar- 
like substances and other bodies, (Vol III. Part II. p. 53S.) 

Phenolglucoside is not only the simplest compound of this 
group, but also the first one which was artificially prepared. 
When boiled with dilute acids, or when its solution, warmed 
to 40°, is brought into contact with emulsin, a ferment contained 
in almonds, it spUts up into phenol and dextrose. 

CgHjiCOCoHJOj + H,0 = HO.C^Hj + C^'E^fi^ 



ETHEREAL SALTS OF PHENYL WITH 
INORGANIC ACIDS. 

973 Sn/phiite of Flwiiyl. — According to theory, two sulphates 
should exist, viz., the normal and the acid ethereal salt ; these 
bodies, however, cannot be prepared in a similar way to the 
corresponding ethyl compounds, for phenyl iodide (iodobenzene) 
does not act on silver sulpiiate, and sulphuric acid converts phenol 
into the phenolsulphonic acid. It appeared therefore very doubt- 
ful whether it was possible to obtain sulphate of phenyl, till 
Baumann found in the urine of herhivora, and in smaller 
quantities in that of man and the dog, the potassium salt of an 
acid which he first believed to be a phenolsulphonic acid, but 
afterwards found to be jihenyhiilpkuric aail, SOj(CflHj)H. He 
observed moreover that the quantity of this compound is greatly 
increased if phenol be taken internally, and that if sufBcient he 
taken the sulphates disappear from the urine. He then prepared 
phenylsulphuric acid artificially.^ 

Its potassium salt is obtained by mixing 100 parts of phenol 

■ A. Michael, Jakrab. 187S, 858. 
' Brr. Devhch. ClKm. Oa. irt. 2S10. 
* Ibid. U. 51, 171G ; zi. 1907. 
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and 60 parts of caustic potash with from Si) — 90 parta of water, 
ami graJuaily adding 125 parts of finely powdered potasaium 
disulphate as soon as the aolutitm has coolud to 60° — 70°. The 
mass is kept at this temperature for from eight to ten hours, 
and frequently agitated, after wliich it is extracted with boiling 
95 p. c. alcohol, and the salt which separates out on cooling 
recrystallized from alcohol Its formation is shown by the 
following equation: 

.SO,.OK 
C.H..OK + 0{ = SOj(OK), + C.H,O.SO,.OK. 

\SOpOK 

It crj-stallizea in small shining tablets which feel greasy to the 
touch ; it is obtained in transparent rhombic tables from alcohol 
at 60°. At 15° it dissolves in seven parts of water; in cold 
absolute alcohol it is scarcely soluble, but in boiling alcohol 
somewhat more readily. 

It decomposes on exposure to moist air, sometimes in a few 
minutes, into phenol and acid potassium sulphate. This change 
is also effected by lieating the salt with water for some hours to 
100°, or by warming it with dilute hydrochloric acid for a few 
mimitea. Towards alkalis it is, on the contrary, very stable, and 
is only gradually attacked on treatment with caustic potash at 
150°, By beating it to 150° — 160°, in absence of moisture, it is 
converted into the isomeric potassium jiaraphenolsulphonate, 
C,H,(OH)SOsK. 

Free phenylsulphuric acid is so unstable that its aqueous or 
alcoholic solution decomposes almost immediately. 

Phosphate of Phenyl. — By the action of phosphorus pentoxide 
on phenol, mono- and dj-plienylphosphoric acids are formed ; these 
can be separated by means of their copper salts, since that of the 
former acid is more readily soluble than that of the latter.' 

i£o7ioph-m)/lphosphnric aciil, P0(OCnH5)(0H)j, ciystallizes in 
thick needles, readily aohihle in water and alcohol, and melting 
at 97° — 98°. On distillation it decomposes into phenol and 
metaphosphoric acid. 

/>ipAMiy/;iA(«pAo7T>(7<!irf,PO(OCgHj)jOH, forms crystalsmelting 
nt 50°, soluble with difficulty in water, but readily in alcohol It 
has a great tendency to remain in the fused condition, and hence 
it has been described as an oily liquid' The chlorides of this acid 
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are formed by the action of phoaphoniB oxycliloriJe on phenol, and 
can be separatod by fractional distillation, 

rhcnytpkoxphoric chloride, PO(OCgHj)Clj. ia a heavy, gtrongly 
refractive, not unpleasantly smelling liquid, boiling at 241° — 213°, 
and is easily decomposed by water. 

Diphenylphmphorie chloride, P0(0CjHj5jCI, is a thick liquid 
boiling at 314° — 316°, and having a similar smell to the pre- 
ceding compound. It is only slowly attacked by water and cold 
dilute alkalis.^ 

Normal phenyl pko^hai f,70(0C^^^. is formed, together with 
chlorobeuzene, by the action of phosphorus pentachloride on 
phcnoL* 

4CflH,0H + V0\ = C,H,CI + PO(0C„Hs), + 4HC1. 

It crystallizes in small needles melting at 45° ^Jacobsen), is readily 
soluble in alcohol and ether, and can be recrystallized from strong 
eutphuric acid without alteration. 

Fhenyl carbonaic, CO(OCgHJj, is formed when phenol is heated 
with carbonyl chloride to 140° — 150°. It crystallizes from alcohol 
in silky needles melting at 78°,' 

Phenyl clhylairhonate, CO '. nfi'ii'-is formed by the action of 
ethyl chlorocarbonate on potassium phenate, as well as by that of 
alumiuium chloride on a mixture of phenol and ethyl carbonate.* 
It is an oily liquid boiling at 234°.^ 

Phenyl carbamate, COfNHjJOC^Hj. — In the preparation of the 
carbonates phenyl chlorocarbonate is also formed, and this comes 
over first on distilling the product, though it is not pure. Ob 
passing ammonia through its ethereal solution, sal-ammoniac 
separates out, and on evaporating the ether, phenyl carbamate 
crystallizes out in tablets which melt at 141°, and are readily 
soluble in hot, but with difficulty in cold water. By heating it 
with ammonia to 140° phenol and carbamide are fonncdtKempf), 

' 3a™biien, Sir. DeuticK Chen. Ott. viii. 1619. 

) Scrut;li>itn, An». Chcm. Pkam. icii. S17. 

' Kompf, Joum. Prait. Clum. [2), L *04. 

• Pawlninky, Ber. DeuUu^. Chem. Oct. iTii 1206. 

B FalLuiow, JoAreab. Ch^n. 1864, 477. 
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ETHEREAL SALTS OF PHENYL WITH 
ORGANIC ACIDS. 

974 Phenyl orthoformatf, CH{OCfi^^, is furmed, togetlier with 
salicylaldehyde, parabenzaldchyde and other products, when an 
alkaline solution of phenol is heated with chloroform. It cry- 
etallizes from alcohol in long wliite needles melting at Tl'o", 
and, under diminished pressure, distils without decomposition. 

It is not saponified by continued boiling with alkalis, but acids 
■transform it very readily into phenol and formic acid.' 

Phenyl acetate, CjHjOj.C„Hj. — Cahours obtained this substance 
T)y the action of acetyl chloride on phenol,* and Scrugham by 
lieating phenyl phosphate with potassium acetate and alcohol.* 
Jt is also prepared by boiling phenol with acetamide,* and by 
lieating phenol with lead acetate and carbon disulphide to 170°.^ 

4CaH50H + 2Pb(C„HjOj)3 + CS, 
^tCgHs.CjHjOj + 2PbS + COj + iS.fi. 

Phenyl acetate is a peculiarly smelling liquid boiling at 103° 
(Perkin and Hodgkinson), and possessing the same refractive 
index as ordinary soda-lime glass, so that a tube of this glass 
dipped in the liquid ia invisible (Broughton). Sodium acts 
violently upon it, with formation of acetic acid, acetic ether, 
phenol, salicylic acid, and two crystalline bodies, CijHjjOj, and 
CjgHjjOj, which have not yet been examined.' 

Phenyl eUoracetate, C ^H^C 10 j.C^Hs.— Provost obtained this 
compijund by the action of chloracetyl chloride on phenol. It is 
Teailily soluble in alcohol, and crystallizes in needles melting at 
40-2* and distilling without decomposition at 230° — 235*. By 
heating it with alcoholic ammonia it forms phenyl aniidacetate, 
C,H,(NHj)Oj.CgHs, which crystallizes in needles and dissolves in 
■weak acids and water, but ia scarcely soluble in alcohol.^ 

Phenylglycollic add, CgH^OCHyCOjH, is formed by the action 
of sodium phenate on chloracetic acid* It is best obtained by 
mixing an aqueous solution of sodium chloracctate with sodium 

' Tiemann, Ber. Deulteh. Chttn. Oti. xt. 2685. 

• Ann. ClKm. Pharm. idi. 816. ' Ibid. xcii. 317- 

• (luinmchi, Ann. Chem. Pharvt. clxxi. 142. 
' ItrouKhton, ibid. Suppl. iv. 121. 

■ Fcrkm and HoJickiiisoii, Joum. Cftnt, Eae. 1G8D, i. 487. 
' Jaum. PtiM. Vhfm. |2], iv. fi79. 

• UeisU, JahTia. 1859, 361 ; Ciacom, Journ. Prakt. Chtm. 12], lii. BOB. 
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phenate, and evaporating until the whole becomes thick ; it 13 
difficultly soluble in cold water, readily in alcohol and ether, and 
crystallizes from hot water in long shining needles which are 
acid and bitter to the taste, and amell peculiarly. It melta at 
96", and boiU with slight decomjwsition at 285°. Pheuyloxyacetic 
acid is not poisonous, but acts as a strong antiseptic' It forma 
saltfl which crystallize well. 

Ethyl phmylglycoUate, G^^.OCE.^.CO^S:i^^, may be obtained 
by passing hydrochloric acid through a hot alcohohc solution of 
the above acid. It is a thick oily liquid, having a pecuhar, not 
unpleasant, but persistent smell, and boiling at 251*. The 
methyl ether is a similar body, boiling at 245° (Fritzsche). 

Phenyllaetic and. CHj.CH(OCbHj)COjH, is obtained in a 
simihir way to its analogue, the preceding acid, from a-chloro- 
propionic acid. It crystallizes from hot water in long needles 
melting at 112* — 113*. Its ethyl ether is a body smelling like 
chloroform and boiling at 243° — 244''. 

Phenyl oxalate, Cj.0j(0C9Hj),, is formed when phenol b heated 
with anhydrous oxalic acid and phosphorus oxychloride : 
2CbH,-0H + Cp,H, + POCIj 
= C,0,(CflHJj + PO,H + 3HC1. 
It crystallizes from absolute alcohol in fine prisms, is insoluble 
in water, but on long boiling it decomposes, or more rapidly in 
presence of alkalis or acids.* 

By distilling a mixture of one molecule of anhydrous oxalic 
acid and two molecules of phenol, thin shining plates are obtained 
melting at 126° — 127°. This body is also formed when the two 
compounds are dissolved in glacial acetic acid. It distils be- 
tween 150° — 180°, partly decomposing into phenol and formic 
acid. Water and alcohol decompose it into its components. Its 
empirical formula is CjHjO^ + ZCgHgO, and it may be regarded 
as the phenyl ether of orthoxalic acid. Cj(OH)j : * 
CHO)jCOC„H, 

(H0),C0C,H5. 

Plienyl succinate, CfifiJflQ^^\. is formed by warming phenol 
with Buecinyl chloride. It is insoluble in water, and crystallizes 
from boiling alcohol in pearly plates ; these melt at 118°, and the 
liquid boils without decomposition at 330°.* 

' Fritwho, Jimrn. Prait. Chem. [2], xx. 289. 

* NoDoki, Joiim. Praki. Chfrn. 12], iiv. 282. 

' Clapar^do ami Smith, Journ, C/iem, Sue, 1 
BcT. DeuUeh, Clum. Oa. ivii. 1740. 
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Rlorine substitution products of 

PHENOL. 

975 Mi/noc}ilorophenoh, CaHjCl(OH). — By the action of cUoriiie 
on phemil, parftchloroijhenol, together with a small quantity of the 
ortho-compound, is formed.* These bodies, as well as metachloro- 
jjheuol, are also obtained by means of the diazo-reaction from the 
corresponding chloraailines '^ aa well as from the amidopheuols.' 

Orthochlorophenol is formed, together with a- and 7-di- 
chlorophenol and trichlorophenol, by the action of sodium hypo- 
chlorite on an aqueous solution of phenol.* It is a liquid havinti 
an unpleasant, persistent smell, boiling at 175° — 176°, and at 
a low temperature solidifying in needles, melting at 7°, By 
the action of phosphorus jieutachloride it is converted into 
orthodichlorobenzene. 

Metachlorophenol crystallizes in white needles, melting at 48°" 
and boiling at 214°. 

Parachlorojihenol is prepared, in addition to the above-mentioned 
maUiod, by the action of sulphuryl chloride on phenol." 



JjHj.OH + SOjClj = 



CoH.CLOH -f- SO, + HCl 

it hafi a 



crystals which melt at 37° and boil at 217' 
weak but unpleasant and very persistent smell. 

a-Dkhlorophtnol, CoHjCI^OH. Laurent obtained this com- 
pound by the action of chlorine on phenol, and named it " Acide 
ckUm>p)UiU*iqut." ' It was afterwards prepared by F. Fischer, 
by passing chlorine through phenol for several days and frac- 
tionating tlie product. It is insoluble in water and crjstallizes 
itttm benzene in long six-sided needles which have an un- 
pleasant persistent sraell, melt at 43° and boil at 209° — 210". 
Ita solution in alcohol is acid, and it decomposes carbonates 
«n boiling with wat«r, though its salts are almost completely 
decomposed by carl>on dioxide in the cold. Phosphorus penta- 
chloride converts it into the asymmetrical trichlorobenzene. 

' F»iwt an.] MllUnr, Ann. Chrrn. Pharm. cljxiii. 303. 

* BtilKloiii iikI Kiubatow, ibid. 170. 

* Schniitl, Sfr. DeuOdi. Ckrtit. Oti. i. 07. 

* Chindt<lr>n, iWrf, xvi. H79. 

* UhlBniuin. ibiA xi. list. 

* Dnboi*. ZeitmliT. Chim. 1S66, 7115 ; IS07. COS 



' Attn.. Chim. PhsH. IziU. '. 



1. Chart. Pharm. SiippL v 
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Two otlier dicMorophenols are known, obtained from the 
dichloramid opho nols. 

Melting-point. Boiling-point. 
(9-Dichlorophenol,' thin needles. 54 — 55° — 

7-DichloropheDol,^ fine needles. 65° SIS"— 220° 

TrickloTophrnol, CgHj,Cl5(0H), was likewise discovered by 
Laurent and named Acide chlorphinisiq^ic;* it is obtained by the 
action of chlorine, not only on phenol, but also on aniline.' 
indigo,' and other aromatic compounds. It is prepared by 
passing chlorine into phenol, wanning gradually until the melting 
point rises to about 67°, and isolating the pure compound by 
fractional distillation." It is easily soluble in alcohol and ether, and 
crystallizes in needles, melting at 67° — 68°, boiling at 243'5° — 
244"5°, and having an acid reaction. Ita salts are only slightly 
soluble in water. 

An isomeric trichlorophenol is obtained from trichloramido- 
pbenol, it melts at 541° — 04*5° and boils at 2485° — 249*5°.' 

FerchloTophcnol, Cfi\{GE.). Erdmann obtained this com- 
pound by the continued action of chlorine on isatin and on 
trichlorophenol (chlorindoptic acid), and named it chlorinated 
indoptic acid.* Laurent who likewise prepared it from isatin 
named it Acide ChloTphinusiqne^ It is also prepared by the 
action of iodine chloride on phenol,'" or, better, by passing 
chlorine continuously through a mixture of three parts of 
phenol and one part of antimony trichloride at 100° to 110° till 
the action ceases. The antimony chloride is then dissolved in 
strong hydrochloric acid, the residue treated with boiling soda 
solution, precipitated by hydrochloric acid, and the separated 
perchlorophenol purified by distillation in superheated steam 
and recrystallization from petroleum spirit.^' It crystallizes 
in rhombic prisms wliich melt at 187°, and are readily soluble 
in alcohol, the solution having an acid reaction. When heated 
it first has a pungent smell and then produces coughing ; its 
powder excites violent sneezing. By carefiiUy heating it may be 
sublimed in white needles; it does not boil until a higher 

' Ilirsth, Ber. Dmltth. Chan. Ga. xi. 1981, 

' Seifart, Anit. Chcm. Phami. HuppL vii. 203. 

' Ann. Chin. Pkyt. [3), iii. 208. * Ann. CheM. FhartH. liii. 8. 

■ ErdmutD, Joa'Ti. PraH. Chem. xix. SB2 i iiii. 276 ; iir, 472, 

■ Faiut, Ann. Ohem. Pharm. cxiix. 119. 

' Ilirach, Utr. DraUA. Chem. Oa. xiii. 190S. 

• Joum. Pratt. Chem. ixii. 272. » Aka. Chlm. Phyi. [31, iii, 197. 

" RcbflUenberRer, fluiJ. Soe. Chiat. it. 102. 

" Uem ind Weith, Ber. Deutseh. Chem,. Ga. v. 158. 
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temperature is reached, when it decomposes with separation of 
hydrochloric acid and perchlorophenylene oxide, which is 
described below. Phosphorus pentachloride converts it into 
perchlorobenzene. Its salts are for the most part only slightly 
soluble in water. 

Potassium percJUorophenate, C^ClsOK, crystallizes from con- 
centrated caustic potash in prisms with a diamond lustre. At a 
high temperature it decomposes into potassium chloride and 
perchlcfTophenylene oxide, (CgClJjOg, which is scarcely soluble in 
alcohol and ether, and crystallizes from hot nitrobenzene in broad 
needles resembling benzoic acid. It melts about 320^ and 
boils above the boiling point of mercury. Its constitution is 
probably the following : 

0<>0 
C,C1, 

Perchlo7'ophenol chloride, C^Clg (OEQClj, is obtained by the con- 
tinued action of chlorine on acetometachloranilide, C^H^CLN 
(CjHjO)!!, and crystallizes from petroleum spirit in large, thick 
prisms melting at 78*5** to 80**. By heating it with absolute 
alcohol to 230* it is converted into perchlorophenol. ^ 



BROMINE SUBSTITUTION PRODUCTS OF 

PHENOL. 

976 MondbromopTienoIs, CgH^Br(OH), are obtained in a similar 
way to the corresponding chlorophenols. 

Orihobromophenol is an oily liquid having an unpleasant, strong 
and persistent smell, and boiling at 194"* to 195^^ 

it ctahromopkenol cry stfdlizes in scsles melting at 33° and boiling 
at 236*5**; it does not smell so unpleasantly as the ortho- 
compound.* 

Parabromophenol crystallizes from chloroform in large octo- 
hedi-a resembling those of alum, melting at 63° to 64°. It is 
easily soluble in alcohol and boils at 238°.* 

* Boilstein, Ber. DnitAch. Chcm. Om. xi. 2182. 

* Fittig and Magcr, Her. Dnifjtch. Ch^m. Oes. viii. 362. 

* Wurstcr and Niilting, ibid. vii. 005 ; Fittig and Mager, Joe. cil. 
Hubiierand Prenken, ibid, vi. 171 ; Fittig and Magur, ibid, vii. 1176. 
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Melting- 

' Dibromopheool, CaHgBr,(OH), Bnow-white crystals . . 40° 

* Tribromophenol, CgHjBrj(OH), veiy longhair-lite needles 95° 
s Tetrabromophenol, CoH.Brj(OH}, needles 120° 

* Pentabromophenot, CaBr5(0H), needlea 225° 

These bodies are all obtained by the direct bromination of 
phenol. It is singular, that in the last three, the hydrogen atom 
of the hydroxjl can be easily replaced by bromine giving rise to 
the following compounds ; 

Tribrmnopkenoliv&midt; C,HoBrj(OBr), is obtained by treating 
an aqueous solution of phenol, or better salicyhc acid, CgH^{OH) 
COjH, with strong bromine water. The precipitate thus ob- 
tained crystallizes from carbon disulphide in lemon coloured 
scales which are not attacked by a boiling aqueous solution 
of an alkali. By dissolving it in benzene and adding caustic 
potash or ammonia, tribromophenol is formed. On beating 
with sulphuric acid it is converted into the bomeric tetra- 
bromophenol.* 

Trtrai/romophenol bromide, CjHBrj(OBr), is obtained by dis- 
solving tetrabromophenol in caustic potash, adding hydrochloric 
acid and then quickly an excess of bromine water. It 
crystallizes from chloroform in yellow monoclinic tables ; boiling 
alcohol converts it into tetrabromophenol, and on heating with 
sulphuric acid it is converted into pentabromophenol. 

Heaihromophfnol or Perbromophenol bromide, C|,Br^(OBr), is ob- 
tained from pentabromophenol in a similar way to the preceding 
compound, and forms granular yellow crystals, which are in- 
soluble in cold alcohol, but are converted by boiling alcohol into 
pentabromophenol (Benedikt). 

IODINE SUBSTITUTION PRODUCTS OF 
PHENOL. 

977 Mono-iodophcnoh, C^HjI (OH)' Respecting these bodies, 
the published statements are at variance. According to Komer,' 
the para-compound is obtained, together with a httle of the 
ortho-compound and tri-iodophenol, by adding hydrochloric acid 

' Kiirnor, Ann. Chtm. Fluirm. txixrii. 20B, 

> r.nttrant, ibid, xliii. 212 ; Kumcr, loe. cU. 

» Kiimer, loe. cil. 209. * Koraer. foe. tit. SIO. 

» Benediot, Litbig't Anil. Mei». 128 ; MoruUKh. Chtm, i. 8(tO, 

* Ann. Chem. Fharm. cxzzrii. 211 ; JaJirab. 1867, 61S ; Hid. 1875, 366. 
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t^M pheDol, iodine, and iodic acid, dissolved in a dilute solution 
<:>f caustic potash : 

5CbHj.0H + 2I5 + HIO, = 5CaHJ.0H + SH^O. 

Lobanotr found that tfae meta-com pound is also formed intliis 
xreactioQ. By distilling the product with steam, the liquid ortho- 
iodopbenol comes over first, and then the solid meta-iodophenol, 
"^rhile the para-iodophenol is contained in the water which distils 
over, and also iu the residual solution, to which caustic potash 
is added and the residue, after evaporation, decomposed by 
liydrochioric acid.' 

By mixing together dry sodium phenate, iodine, and pure 
carbtiu disulphide, ortho-iodopbenol, together with ^-di-iodo- 
phenol and tri-iodophenol, is obtained* 

Ortho-iod'iphenol is, according to Lobanow, a liquid which 
does not solidify at — 23° ; it is decomposed by chlorine or nitric 
acid, and when fused with cauatic potash is converted into 
catechol (Komer). Nolting and Wrzesinski, on the other hand, 
observed that ortho-iodophenol, prepared by means of the diazo- 
reaction from orthonitrophenol, forms fine crystals which melt 
at 43V 

Meta-iodopkcTiol forms flat lustrous needles melting at 64° — 66° 
(Lobanow). When fused with caustic potash these are trans- 
formed into roaorcinol (Korner). 

Paru-iodopkertol was first obtained by Griess from para-iodo- 
aniline,* It is also obtained by the action of iodine chloride on 
phenol,^ and crystallizes from alcohol in laige six-sided tables, and 
from carbon disulphide in short, thick prisms melting at 89' 
(Lobanow). On fusion with caustic potash it is converted into 
quinol (Ktimer), but at a higher temperature into resorcinol 
(Ni)Iting and Wrzesinski), 

Melting- point. 
"o-Di-iodophenol. CaH,Ij(OH), ciyatals . .150° 
^-Di-iodophenol, CbHsI.(OH), crystals . . 68° 
^ Tri-iodophenol, CflHjIj(bH), needles . . .156° 



' Ber. lievtiek. Clum. Bn. vt I2S1. 

• Snlmll, BcT. DevUrA. Clu-nt. Or*, ivi. 18fi7. * !f>id. yiii. B20. 

• ZeUtdir. CAam. 1885. 425. 

■ SrblitEeabei^rsndScngeDiTBliI. Jnhmh. ISflS, 413, 

• Hluiwetz and Wesvlaky, Ber. DtuUch. Chan. Ga. ii. 524. 

' Lnntomiuui, Aim. CKcm. Pharm. exx. 307 ; SohiiUonborgpr, Jahrab. 188S, 
521 ; Kbrnor, An.it. Chcm. Pharm. cxxivii. 213. 
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NITRO-SUBSTITUTION-PRODUCTS OF PHENOL. 

978 MoTionitrophenol, CuH,(NOj)OH. In 1839 Fritzsche, by 
acting with nitric acid on indigo, obtained a peculiar Bmelling, 
volatile, yellow, crystalline body, which he subsequently found to 
be identical with Hofmann's nitrophenol, obtained by the action of 
nitrous acid on aniline, and of nitric acid on phenol.^ i'ritzsche 
afterwards found that by the latter reaction two isomeric bodies 
are formed of which nitrophenic acid can be volatilised in a 
current of steam, whilst isonitrophenic acid cannot.* These 
bodies were afterwards distinguished as volatile and non-volatile 
nitrophenol, until it was found that the first is the ortho- and the 
second the para-compound. 

It may be prepared, by gradually adding one part of pure 
phenol to a well cooled mixture of two parts of nitric acid of 
Sp. gr. 134 and four parts of water, stirring, and after some 
time separating the heavy oil from the aqueous solution, 
washing it with water, and distilling in a current of steam, till 
the distillate is no longer coloured yellow, 

Paranitrophenol may be obtained from the residue by extracting 
with boiling water. The yield amounts to 30 per cent, of ortho- 
nitrophenol and 32 per cent, of paranitrophenol on the phenol 
taken.* 

The higher the temperature rises during the operation, the 
larger is the yield of orlhonitrophenol, whilst if the temperature 
be kept low, more of the para-compound is formed.* 

The two nitrophenols are also obtained, together with di&zo- 
benzene nitrate, when nitrogen trioxide is passed into an ethereal 
solution of phenol,'' as well as when sodium phenate is mixed with 
a solution of nitrogen peroxide in carbon disulphide (Schall), 

By warming a mixture of 5 parts of phenol and an equal 
weight of ethyl nitrate with 16 parts of water, and 32 parts of 
concentrated sulphuric acid for a long time, 22 p. c. of ortho- 
nitrophenol and only 05 p. c. of pai-anitrophenot is obtained.* 
According to Fittica a fourth isomeric nitrophenol is formed at 
the same time. We shall refer to this subject in the sequel. 

' Kompr, Arm. Clutm. Phnrm. Uxv, 338 ; oui 347. 
' Ann. Chnm. Phann. ex. 150. 

* Sohmitt ktid Cooke 1 Korner, Eokule's Lchrb. Org, Chtm, iil 40. 

* Goldstein, Beilstcin'a ManM. Org. Chnn. lOlS. 

* Wwolaky, Bcr. DaUteK. Oma. Qet. viii. SB, 

* NfttaiuKiD, Ber. Zhnittoh. CItcm. Qa. xiii. 113. 
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OrtkiMilrophenot is also obtained, as already slated, when 
orthocMoroiiitrobenzene, ortliobromonitrobeDzene.orortliodinitro- 
benzene is heated with dihite nikalis. It is soluble with difficulty 
ill colli, readily in hot water, as also in alcohol and ether, and cry- 
stallizes in sulphur-yellow needles or prisms, having a peculiar 
aromatic smell and melting at 45°. It boils without decomposi- 
tion at 214°, and is converted by phosphorus pentachloride into 
orthouitrophcnyl phosphate, only a little orthochloronitrobenzene 
being formed. 

lis salts, which for the most part crystallize well, have a 
scarlet-red to an orange-yellow colour. 

As already stated, according to Fittica,' a fourth nitrophenol 
oiists. This body melts at 31", and boils at SOS" to 207°. By 
repeated distillation it is converted into orthonitrophenol ; this 
Would therefore seem to be a case of dimorphism. 

Mtthyl orthonitrophtnate or ^'Uratiisol, CBH,(NO^OCHg, is 
obl^ned, together with the para-compound, by the nitration of 
aoisol, as well as by heating orthonitrophenol with caustic potash 
and methyl iodide.* It is a yellowish oil. boiling at 276*5° ; it 
solidifies on cooling, and melts at -|- 9°. When heated with am- 
monia to 200° it forms orthonitraniline.' 

Mctanilrophenol is obtained by the diazo-reaction from meta- 
nitraniline;' it separates out from an ethereal solution in thick, 
sulphur-yellow crystals, melting at 96°. It can only be distilled 
without decomposition under diminished pressure, and is not 
volatile in a current of steam. Its salts are of an orange-yellow 
colour. 

Methyl metanitrophenaie, C„K^(!:JO^OClig, crystallizes from 
alcohol in flat neetUes, melting at 38° and boiling at 25S°. It is 
easily volatilised by steam, and when heated with ammonia yields 
a small quantity of inetanitrophenol together with humus-like 
products but no metanttraniline." 

Paraidtrophenol is obtained, like orthonitrophenol, from the 
corresponding haloid compound by heating with alkalis. It 
crystallizes from boiling water in colourless needles or in mono- 
cliuicprisms, which melt at 114° and on again cooling separate out 
aa monocUnic crystals, which, however, are dimorphous with the 
ordinary form.' It boils almost without decomposition but ia not 

' Ja«ni. Prakl. Chem. [2], ixiv. 1. 

' MnhlhBilsor. Ann, Chcta. Phann. ccvii. S37. ' Salkowski, lb. clxiir, 27a 

• ItinlUn, Car. DeiUich. Chem. Oa. xL 2100. 

■ Salkowiki, £fr. DfuUeh. Chim. Oa. xiL 1S5. 

* LchiuuiD, Jakrab 1877, B49. 
2U 
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volatiiia in a current of steam. On boiling it with water and 
barium carbonate it decomposes tlie last-named compound more 
vapidly than the ortho-compound, and this again acta more rapidly, 
than metanttrophenol> Its salts are not so deeply coloured 
as those of its isomerides. 

Methyl paranili-opkenate, CpHj(NOj)OCHj, crystallizes in lai^e 
rhombic prisms melting at 51° and boiling at 25S° to 260*, and 
forms paranitraniline on heating with ammonia.^ 



HALOGEN SUBSTITUTION PRODUCTS OF 
THE MONONITROPHENOLS. 

Of these only those containing one halogen will be mentioned. 
The first number gives the position of the halogen, the second 
that of the nitroxyl, the hydroxyl occupying position one. 



Chloronitrophenols , 



Bi-omonitrophenols . 



Melting- point 

110— 111" 
39° 

86— sr 



2 ; 6 yellow needles' ■ . 
2:4 white needles' . . . 

3 : 6 lemon-yellow needles' 

4 ; 2 monoclinic prisms" ■ 
2 : 4 long white needles^ . 

5 : 2 yellow prisms ^ . . 
4 : 6 yellow monoclinic prisms ' 88° 

loDOS ITROPHENOLS. 

The first two of these are obtained by the action of iodine and 
mercuric oxide on a solution of orthonitrophenol in glacial acetic 
acid, and the third in the same way from paranitrophenol," 

Mrlting'pnint., 
a-Iodorthonitrophenol, long, yellow needles 90 — 91° 

/S-Iodorthonitrophenol, short, yellow needles 66 — 67° 

lodoparanitrophenol, thick, light yellow crystals 154 — 155° 

> Post and Mehrlen*. Btr. Deulnrh. Ch™. Gen. viii. 1549. 

» Bninck, Zdlichr. Chem. 1867, 205 ; Willgerodt, Bit. DtiUsch. Chem. a<*. 
xiv. 2632. 

■ Faust and MilUer, Ann. Clii>a. Fhantt. dxxiii. 309. 

• Faust. ZeiUchT. Chan. 1871. 681 : ArmiilrodK, ibid. 686 ; Faust and MiiUot. 

» ITJilemaiin. Ber. Ikuttek. Chan. Oa. xi. 1161. 

' Faust and Saanse, Ann. Chan. Phana. SuppL vii. IDO : Lanbenhoimer, Ber, 
Ik\it»ch. Chen. Oa. vii. 1601 ; Bodenift. Jahntb. Chtm. 1S7S, 511. 

' Brunck and Ebnier, Ztilvhr. Chcin. ISflS, 823. ■ Laubenheimn'. 

' Brunclt ; Komer ; Lauboiilipinier ; Hiifner and Brenkca, Bcr. DeuUch. Cheut. 
Oa. vL 170 : Azruni, Jahrrtb. Clufm. 1877, 647. 
" Buscli, Ber. DaiUch. Che.ii. Oca. tu. 462. 
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DiNITBOPRENOLS, CgH5(NOj)jOH. 

Of the six theoretically possible compouuda tho following are 
known. The subjoined figures give the positioa of the nitrozyls 
when the hydrojtyl occupies position 1. 

Ordinary or a-Dinitropheiiol (2:4) is obtained by nitrating 
phenol' as well as from both ortho- and para-nitrophenol. hy 
which its constitution is shown. ^ It is best obtained by warming 
paranitrophenol with an equal weight of nitric acid of sp. gr. 1*37.' 
It crystallizes from hot water in yellowish-white rectangular tables 
which melt at 113° to 1 U°. 

^'Diniii-ophtnol (2 : 6) is obtained, together with the former, by 
the nitration of orthonitrophenol, and crystallizes from hot water 
in fine, bright yellow needles melting at 63° to 64". 

f-Dinitrophtnol (3 : 6) is obtained together with the two 
following, when metanitrophenol is heated with nitric acid.* 
They can he separated by means of their barium salts, and the 
7-compound can also be separated from the other two by dia- 
tiliing in a current of steam. It crystallizes from hot water in | 
light yellow needles melting at 104°. ' 

B-IHnitrophenol (3 : 4) crystallizes in long, colourless, silky 
ueetllea melting at 134°. 

f-Diniirophcnol (2 : 3) separates from hot water in small yellow 
needles, and from alcohol in thick crj-atals which melt at 144°. 

Tbinitrophenols, CflHj{:^03)30H. 

979 We are now acquainted with three of these bodies. Of 
these the following has been known for a long time. 

Symmttneal or a-Trinitroplierwl (2:4: 6). Woulfe found in 
1771. that by the action of nitric acid on indigo a hquid is ob- 
tained which dyes silk yellow.' Similar observations were made 
by other chemists ; thus Quatrem^re Disjonval in 1780 laid before 
the Paris Academy the results of an investigation on indigo, in 
which he remarks that this body forms with nitric acid a substance 
which stains the skin a saffron -ye How colour. Hausmann then 
observed that in this reaction a bitter acid compound is formed. 

' laorent, Anju Chem. PImtm. 'xYm. 213. 
' Kbrner, ZtiUchr. Chem, 1B98, 322. 

* Koraer, KrIcuU'i Lehrb. iii. 12. 

* Bantlin, Ber. Drvlxh. Chtm. Oa. viii, SI ; xi. 2102 ; boo bIho Henriunes, 
Lithign Ann. ccxv. 821. 

' {.PhA TiiOi*.) 1771. 
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Indigo- bitter was then further investigated by Fourcroy and 
Vaiiqii^lin' as well as by ChevreuL* The latter chemist con- 
sidered it to be a compound of nitric acid with a peculiar or- 
ganic substance. Welter, by treating silk with nitric acid, had 
already obtained a yellow, crystallized acid, whose potassium 
salt exploded when heated, like gunpowder.* Liebig found that 
Welter's bitter body is identical with indigo-bitter and aloe- 
bitter, wliich Briwounot had obtained by heating aloes with nitric 
acid, and called it " Kohlenstickstoffsiiure " (carbazotic acid),* 
while Berzelius named it "Pikrinsalpetersaure," and Dumas 
gave it the name by which it is now universally known, picric 
acid {TTiKpot, bitter),^ -Laurent first obtained it by the actioa 
of nitric acid on phenol, and showed that picric acid (Acidt 
nilropktlnisiqttc) is trinitrophenol." This is the final product of 
the action of nitric acid on a large number of substances con- 
taining the benzene ring, just as oxalic acid is the result of 
the oxidation of many fatty bodies. Amongst those which give 
a good yield of the acid is the acaroid resin (from Xantkorrkoca 
ha^ilu),'' and before phenol was manufactured on a large 
scale, this resin was employed for the preparation of picric 
acid. This body is also obtained by the action of nitric acid 
on orthonitrophenot, paranitrophenol and the dinitrophenuls 
(2 : 4) and (S : 6), but not on inetanitrophenol, and this fact 
indicates its constitution. 

Picric acid was formerly obtained by the action of nitric acid od 
phenol ; phenolsulphonic acid is now used, since this substance, 
as Laurent had alreadypointed out, is easily converted into picric 
acid. In its manufacture the apparatus is em])loyed wliich 
is used for making nitrobenzene. A mixture of equal parts of 
phenol and concentrated sulphuric acid is placed in the vessel, the 
contents then heated to 100°, and nitric acid ofsp.gr. 1 3 allowed 
to flow in. After cooling, the product solidifies to a crystalline 
mass, which is filtered and drained, and then washed with cold 
water. It is further purified by recrystallizing from water 
containing O'l p.c. of sulphuric acid. Another useful mode of 
purification consists in exactly saturating the crude acid with 
sodium carbonate and adding to the hot filtered solution a few 
crystals of sodium carbonate, when almost the whole of the sodium 

' Gelilen, N. Jmirn. ii. 231. 
" Akh. Chim. P/l^s. xiix. 301. 

> Ann. Clun*. Pharm. xtxii. aau. 

• ^nn, Cllim. Ph'Jt. raj, Hi. 221. 

' Stdaboose, Mem. Ckam. See. iU. 
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■picrate 8eparat<;3 out and can be detromposed witL Lydroohloric 
acid.^ 

Picric acid is difficultly solubte in cold, easily lu hot water, and 
crystallizes from aqueous solution in pale yellow, sliiaiDg scaltis, 
whilst it crystallizes from an ethereal solution in rhombic prisms 
melting at 122-5°. When carefully lieatod it sublimes, but on 
ttrongly beating it decomposes with detonation, and on warndng 
with calcium hypochlorite and water it yields chloropicrin, 
CClj(NOj). and chlorauil, CoCl^Oj. It baa an intensely bitter 
taste, an acid reaction, and colours animal fibre, the skin, etc. 
pure yellow. As its tinctorial power is very great it is largely 
used as a dyeing material for wool, silk, leather, etc., either alone, 
or in combination with red and blue for dyeing oranges, greys, 
etc It does not by itself adhere to vegetable fibre, and it is 
therefore employed to distinguish cotton from wool and silk, and 
to detect the presence of cotton in mixed fabrics, by steeping these 
for some time in a hot solution of the acid, washing with water 
ud then examining under the microscope. 

Both its intensely bitter taste and its power of dyeing wool 
yellow, serve to detect picric acid, but the best test is to add 
ammoniacal copper sulphate to the solution under examination; 
this gives a greenish precipitate, which can be seen eveu when 
only 1 part of picric acid is contained in 5,000 of water (C 
Lea). By warming a solution of picric acid with ammonia and 
potassium cyanide, a deep red colour is produced, isopurpuric acid 
being formed (v. p. 1 26). Picric acid unites with other aromatic 
hydrocarbons, as it does with benzene, to form compounds, many 
of which are distinguished by their crystalline form or colour. 
This property indeed is frequently employed as a test for. and 
as a means of separating, some of these hydrocarbons. All such 
compounds are decomposed by ammonia, and some of them by 
alcohol, whilst others again may be recrystallized without 
decomposition. Of these latter one of the most characteristic is 
tiie DSphtbalene compound, Ci^Hg + CgHj(N0j)30, crystallizing 
in golden needles, often united in a stellate mass, and melting at 
149°. Tliis peculiar compoiind may be employed to distinguish 
|ucric acid from simitar nttro- compounds. 

Picric acid is poisonous, rabbits and dogs being killed by doses of 
from 006 gram to 06 gram. It is said that it is sometimes added 
to beer to give i^a bitter taste, 0012 gram sufficing to give to a 
of beer an insupportable bitterness. In order to detect the 
» Carey Le*, SiH. Amtr. Joum. [2], iniL IBO. 
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picric acid, the beer is warmed and a skein of white woollen yam 
steeped in it ; if this becomes coloured yellow it is treated with 
ammonia, washed with water, the solution concentrated on the 
water-bath and some potassium cyanide added, when, if picric 
acid be present, the red colour of isopurpuric acid will be seen. 
Picric acid can also be detected by shaking some cubic centimetres 
of beer with half its volume of amy! alcohol, which takes up the 
picric acid ; after evaporation of the alcohol the residue is tested 
as above.^ 

Wobler in 1828 made the remarkable discovery that on boiling 
picric acid with water and baryta, hydrocyanic acid is formed.* 
This observation has been almost entirely forgotten, probably 
because it seemed to be highly unlikely, considering the very 
stable character which the benzene derivatives enjoy in other 
respects, and it was not until Hiibner and Post lately carefiilly 
repeated and confirmed it that Wohler's observation obtained 
the recognition of chemists. They also found that even dinitro- 
benzene yields pnissic acid on boiling with caustic potash, and 
that it is also obtained by fusing nitrobenzene for a short time 
with caustic potash.' 

PlCBATES, 

980 Picric acid forms salts having a yellow colour, wbicli, for 
the moat part, crystallize well and are explosive. 

Potassium PicrcUc, CflHj(NOj)j)OK, crystallizes in long, yellow, 
four-sided, lustrous needles, which, obtained from dilute solutions, 
appear sometimes red and sometimes green (Liebig). It 
dissolves in 260 parts of water at 15°, and in 4 parts at the 
boiling point. It is not soluble in alcohol. On account of 
its sparing solubihty it was formerly employed as a reagent for 
potassium salts. On heating, it becomes of a red colour and then 
explodes like gunpowder; on being stnick with a hammer it de- 
tonates powerfully. It is sometimes used mixed with saltpetre 
for blasting purposes. 

Sodium PicTote, C(|Hj(N0j)30Na, forma yellow needles, which 
dissolve at the ordinary temperature in about twelve parts of 
water, but as already stated the addition of soda precipitates the 
greater portion of it. 

Ammonium Picrate, CbHj(N0,)jONH,, is sparingly sohiblo 
in water and still less so in alcohol, and crystallizes in rhombio 
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Bcalea. It is employed mixed with the nitrates of barium, 
strontium, &c„ for bengal fire. B^g^re'a picrate-powcler conaiata 
of 54 parts of this salt to 46 parts of saltpetre ; 26 grains of 
this is Baid to equal 5'5 grains of gunpowder. According to 
Abel this mixture is valuable for the blasting charge in 
shells. 

Silver Picrate, CflH^(NOj),OAg + HjO, crystallizes from hot 
water in yellow shining needles, which dissolve at 15° in 113 
ports of water.' 

Lead JHcrate, [CgTl^(!>i0^30]^Th + HjO, crystallizes in brown 
needles which dissolve at 15° in 113 parts of water. It is 
employed mixed with saltpetre as a blasting agent in the place 
of potassium picrate. 

Methyl picrate or trinitranisol, C„H,(NOj)jOCHj, was ob- 
tained by Cahours by the action of concentrated nitric acid on 
anisot ; it is also obtained by the action of methyl iodide on 
silver picrate, and crystallizes in yellow monoclinic tables, melting 
at 64°. 

Ethyl picrate, C^^f^O^fiCM^. Ja formed in a similarway to 
the methyl ether,* and also by adding caustic potash to a solu- 
tion of chlorotrinitrobenzene (picrjl chloride) in absolute alcohol.' 
It crystallizes in long, almost colourless needles which melt at 
78'5°; by heating it with alcoholic ammonia it is converted, like 
the methyl ether, into trinitraniline.* 

Phtnyt pkrate, C^^QAO^fiC^^is obtained in asimilar way 
to the preceding compound, using potassium phenate, and 
crystallizes in colourless needles (Willgerodt). 

Trinitrophenyl acetate, CbHj(NOj)sOC3H30, is formed by boil- 
ing picric acid with acetic anhydride, and separates from ether in 
dark yellow crystals, melting at 7o°-76°.'' 

Picrgl chloride or Chlorotrinitrobenzene, C|,Hj(N 0^)^01, was first 
prepared by Pisani by the action of phosphorus pentachloride on 
picric acid and called " Chlorure de picryle" because he found 
that, like other acid chlorides, it is converted by water into 
hydrochloric acid and picric acid." 

According to Ctemm, the latter observation is not accurate ; 
Piaaoi's product contained, without doubt, some free picric acid, 

' Port and Mohrlcns, Btr. Dcutteh. Chtm. Get. Tiii. 1B49. 

* H. MuUec and Steuhpuae, Ann. Chrm. Pharta. czli. 80. 

* Willgerodt. Bnr. Ueidaeh. Chtm. da. lii. 1277. 

* Salkowski, Ann. Chrm. Fharm. clxiiv. 259, 
■ Tamuai and David, Had. eUii. 167. 

* Oomft. BauL zniz. 852 \ Aivn. Chtm. Fharm. xd\. SS0. 
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which naturally enters into solution when water is added, wliile 
the pure compound is not attacked even by boiling water.* 

Chlorotrinitrobenzene crystallizes from alcohol in almost 
colourless needles, and from etlier in amber-coloured moooclinio 
tables, melting at 83°.^ 

By boiling it with soda solution it gives picric acid, and by 
heating it with an aqueous solution of ammonia it is converted 
into trinitraniline or picramide, CuHg(N0j)3NHj. 

Picryl chloride, like picric acid, forms compounds with aromatic 
hydrocarbons, which crystallize well.* The benzene compound 
CjHj(NOj)jCl + CoHg, crystallizes in large, pale yellow prisms, 
which very quickly lose benzene in the air.* 

gSi Isopurpuric add or Picrocyamic add, CgH^NjO^, is as little 
known in the free state as its iaomeride purpuric acid (Vol. TTT . 
Part II. pp. 307, 313), but many of its salts, which are veiy 
similar to the purpurates, have been prepared. 

Potamnm, impurpuraie. CgH^KN^Oa, is obtained when picric 
acid is warmed with water and potassium cyanide : ^ 
CoHjNjOj + 3KCN + 211^0 = CsH^KNeOg + KjCO, 4- NHj. 
It crystallizes in brownish-red scales, having a greenish metallic 
lustre ; is slightly soluble in cold water, more readily in hot, 
forming a fine red solution; on heating, or in contact with 
concentrated sulphuric acid, it explodes. On adding an acid to 
the aqueous solution it is coloured brownish-yellow, evolving a 
' pungent odour, and then deposits a brown flocculent precipitate. 
On evaporating the solution, a brownish-yellow amorphous mass 
remains behind. 

Ammonium Isopurpurate, CgH^fNHJNjOg, is obtained by the 
addition of sal-ammoniac to a concentrated solution of the 
potassium salt. It forms small brownish-red crystals, with a 
green metalhc lustre, which are analogous iu optical properties 
and crystalline form to murexide (ammonium purpurate). It 
is employed as a dye for wool and silk, and called iu commerce 
Gr^Tiat sohihle. 

98a ^-Trinitrophmol. CoHj(NOj)g()H(3 : 4 : 6), is obtained by 
nitrating 7- and S-dinitrophenol ; it crystallizes from hot water 
in white, satin-hke needles or scales, melting at 96*. The 

' Joum. Pratt. Chan. \2], i. H5. ' Bodewig, JaKrab. 137S, 394. 

> LiebcnnanD anA Valla, Bcr. Hcuttek. Cham. Oca. viij. 377. 

* Uerteos, tiiid. xi. 844. 

• IJaeyer, Jahrab. 18S9, 458 : Hlasiwetz, Ann. Chem. Pliarm. ex. 28fl ; Kopji. 
fier. Iteatttii. Chnit. On*, v. 644. 
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potassium salt forms light red, brilliantly-shining crystals, which 
are soluble with difficulty in water, forming a light-yellow 
solution. 

y-THnUrophenol, 0^112(^0^^11(2 : 3 : 6), is obtained from 
y- and €-dinitrophenol, and forms white needles, melting at 117**- 
11 8^ The potassium salt, easily soluble in water, forms brilliant 
red needles ; its aqueous solution colours wool and silk a fine 
orange shade. 

Both trinitrophenols taste bitter and detonate on heating; 
their salts are, like the picrates, very explosive.^ By the con- 
tinued action of nitric acid they are converted into styphnic 
acid or trinitroresorcinol, CgH(N 02)3(011)2. By nitrating 7-di- 
nitrobenzene, besides trinitroresorcinol and the two trinitro- 
phenols, a tetranitrodihydroxybenzeae, Cg(N02)4(OH)2, probably 
tetranitroresorcinol, is formed. 

The production of styphnic acid by the nitration of dinitro- 
phenol had already been observed by Bantlin,and the compound 
described under the name of isopicric acid. 

The following graphic formulae show the connection between 
the different nitro-substitution products of phenol : 

Orthonitrophenol. Paranitrophenol. Metanitrophenol. 

OH OH OH 

/\no. /\ /\ 



n 



M 



I I 

Dinitiophenols. 

OH OH OH OH OH 

\/ \/ Noj<y "\>o, Ky^o, 

NOj NOj. 

Trinitiophetiols. 

OH OH OH 

no/\no.. no/X, no/^\no- 

NO^ NO^ ' 

* Hcnriques, Ann, Chem, Pharm, ccxv. 821. 
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PHENOLMONOSULPHONIC ACIDS. CaH/OH)SO,H. 

983 By dissolving phenol in sulphuric acid Laurent obtained 
his"Acide BiilphophL'nique."' KekuU tlien found that a mixture 
of ortho- and paraaulphonic acids * is thus formed. 

Orthophcnolsulplumie acid i9 principally formed in the cold ; it 
is not known in the free state, because by evaporating its solution 
on the water-bath it is partly, and by strong heating, completely, 
converted into the para-compound.* In order to prepare the 
potassium salt, equal volumes of phenol and sulphuric acid are 
mixed, diluted with water and, after some days, the excess of sul- 
phuric acid removed by lead oxide, and the filtrate neutralized with 
potassium carbonate. On concentrating the solution the para- 
salt separates out in anhydrous plates, aud then the ortho-salt 
crystallizes in rhombic prisms, which contain two molecules of 
water of crystallization and effloresce in the air ; by this means 
the para-salt is easily separated,* 

Metapkenolsidphonic acid is formed by heating the potassium 
salts of the two phenoldisulphonic acids with some water and 
two or three times their quantity of caustic potash to 178° to 
380°, till a uniform thick mass is produced.' The acid, which 
crystallizes in fine needles containing two molecules of water, 
produces a violet colour with ferric chloride, and on heating with 
caustic potash to 250° is converted into resorcinol. 

ParapfieTiolsiilphonic add. — The preparation of this body has 
already been described. It is also obtained by the action of cbloro- 
siilphonic acid on phenol," as well as by warming paradiazo- 
benzenesu I phonic acid with water.^ In the free slate it is a 
syrup. By oxidizing its sodium salt with manganese dioxide and 
sulphuric acid quiuone is obtained.* 

1 A in. Chim. Phyi. [S], 293. » 

» Kaltulfi, Ber. DeuUch. Chtm. Ota. ii. S30. * 

' Barth ind 8(ialior«r, Str. DeuUeh. Chtm. Oet. i 

* Engelhuxlt and LBtwhiiiDw, Ztibtehr. Chem, 1B39, ! 

' 8i?bmitt, Ann. Chem. Pharm. cix. 148. 

' SchtiKler, Scr. DcuUch. Chcm. Get. viii. 780. 
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PHENOLDISULPHONIC ACIDS, CaH,(0H)(S03H)(. 

984 a-Phenoldis}dpkonic odd is formed by the actiou of 
concentrattiJ sulphuric acid o» diazobeuzene sulphate.^ 

lu order to prepare it, one part of phenol ia heated with 
four porta of a mixturo of ordinary and fuming sulphiuic acids 
on the water-bath, until sulphur dioxide is evolved.; it is then 
diluted with water and saturated with baryta.* From the 
barium salt, purified by recryatallization, the free acid ia easily 
prepared ; it crystallizes in deliquescent warty needlea and ia 
coloured a ruby red by ferric chloride.* 

^-PhcTwldimlphonic add is obtained by heating phenoltrisul- 
pbonic acid with caustic potash and water. It forms a syrup and 
decomposes on heating. 

FkenoUrisulphonic acid, CgHj(OH)(S0jH)j, is formed when 
two parts of phenol are heated with ten parts of sulphuric acid 
and five parts of phosphorus peutoxide to 180°.* It crystallizes 
in vatitS in needles containing water or in abort prisms, which 
give an intense blood-red colour with ferric choride. 

ffydrccrya!utpkobemideorHj/droxyphen}flsitlph4}ne,(Cg'SfiS)^0^, 
is a by-product of the action of aulphnric acid on phenol' In 
order to prepare it, fuming sulphuric acid is heated with doubla 
it« weight of phenol for from three to five hours at ISO'-lflO" and 
the Btill warm mass gradually poured into a Uttlc water. It ia 
almost insoluble in cold water, crystallizes from boiling water in 
long prismatic needles, and from glacial acetic acid in rhombic 
prisms melting at 239°. On heating with fuming sulphuric acid 
it ia converted into phenoltrisulphonic acid.* Like phenol, it 
forma salts, which have been examined by Glutz. 

SvhalUukd PkenotsulpJwnic Adda. — The phenolsulphonic acids 
being phenols and powerful acids at the same time, form various 
series of salts. By the action of chlorine, bromine and nitric 
acid, substitution products may be obtained, which may also be 
prepared from the substituted phenols by the action of sulphuric 
acid. As in the case of phenol, so it is found that in these 



> OrifiH, Anit. Chtm. Pharm. ciixril S9. ' KekuIJ, Lekrb. iii. afl3. 

■ Sonhnfer. J-ilmtb. 1879, 749. 

' Senhnrer, Ann. Chrm. Pharm. c\%x. 110. ' Glnti, ibid, cilvii. 61 

• AuuLbeim, Ulid. clzxiL 3S ; Ber. DtuUch, Chem. Oe$, U. 1148. 
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bodies the larger the number of negative elements or hydroxjls 
in the compound, the more easily is the hydrogen of the phenol 
hydroxyl replEweablo by metals ; the stabiUty of the compound 
is, however, correspondingly decreased. 



SULPHUR COMPOUNDS OF PHENOL. 

985 Phenyi hydrosulphidc, or Tkiojihcnol, CgH^.SH. — Vogt first 
obtained this compound, which is aUo called phenyl mcrcaptao, 
by the action of zinc and dilute sulphuric acid on bonzi 
sulphonyl chloride, and named it benzyl mercaptan.' In order 
to obtain a good yield, the chloride is first reduced to benzi 
sulphinic acid, and the crude zinc salt so obtained put into a 
well-cooled mixture of zinc and hydrochloric acid. It is thus 
obtained together with phenyl disulphide. To the liquid, which 
now only contains a little free hydrochloric acid, zinc-dust is 
added to convert the diaulphide into zinc thiophenate ; 

(CgHi),Sj -I- Zn = (C5H,S)Zn. 

It in then treated with hydrochloric acid and the thiophenol 
distilled off.^ Stenhouse obtained it, together with phenyl, 
sulphide and diphenylene sulphide, CijHgS.by the dry distillation 
of sodium benzenesulphonate in an iron retort, but when he used 
one of copper he only obtained a trace of thiophenol.* It 
also formed by the action of phosphorus pentasulphide on 
phenol.* The reaction, according to Genther, is as follows : 

SCoHj.OH -I- P„Ss = 2C0H5.SH + 2PO,(C«H,)3 -\- 3H.S. 

At the same time, small quantities of phenyl sulphide and 
phenyl disnlphide, which are decomposition products of thio- 
phenol. and also some benzene, are produced by the action of. 
the intermixed phosphorus trisulphide ; when phenol is heated 
with the latter, the following reaction takes place : 

SCaHsOH -I- PjS3 = 2CoH, + aPO.CCflHs), + 3H,S. 

A little thiophenol and phenyl sulphide are formed at tba 
same time.' Thiophenol is also formed, together with the 

' Ann. Chnti. Pharm, cxii. 143. 

» Otto. Bcr. Dculmh. Chan. Oa. x. 039. 

' Rau. Sac. Pro. ivu. 62. 

* Koknlu and Szach. ZfituXr, Clum, 1307. 193. 

* Liebi^i Am. ccxxi. S6. 



sulphide, when benzene is warmed with sulphur and aluminium 
cliloride.^ 

Tliiophenol is a colourless, strongly refractive liquid, boiling 
nt 1725° and having at 24° a spec! tic gravity 1078. In the pure 
state it has an aromatic and somewhat aliaceous odour ; 11. pro- 
duces on the skin a burning pain. Its vapour attacks the eyes 
and causes temporary dizziness. It is readily converted by 
oxidation into phenyl disulphide ; even the oxygen of the air 
effects tliis conversion in presence of ammonia. 

As with other mercaptans, the hydrogen combined with the 
aiilphnr is easily replaceable by metals. It acts quickly on 
mercuric oxide, with formation of mercury thiophenate, 
(C,HjS)(Hg, which crystallizes from boiling alcohol in white, 
silky needles. 

Lead IhiophenaU (C5HsS)^b, is obtained by the addition of 
thiophenol to an alcoholic solution of lead acetate, as a yellow, 
crystalline precipitate, which decomposes on dry distillation, 
forming lead sulphide and phenyl sulphide. 

Elhfft thu/phenate, C^JIySC^^, is formed when sodium tluo- 
phenatc is heated with ethyl iodide to 120° ; it is an unpleasantly 
smelling liquid, boiling at 204°.* 

Phenyl ortkothio/ormatf, CH(SCaHj)j, is prepared by heating 
&n aqueous solution of sodium thiophenate with chlurofoi-m. It 
crystallizes from a mixture of alcohol and a small quantity of 
benzene in short, thick prisms, melting at 39'5°. Like the cor- 
responding oxy-compound, it is not decomposed at 120° by 
caustic soda, but fuming hydrochloric acid decomposes it at 
120^, under pressure, into formic acid and thiophenol' 

Fkenyl tkiaceiaie, CjHgO.SCflHj, is formed by tho action of 
acetyl chloride on thiophenol; it is an unpleasantly smelling 
oily liquid, boiling at 228''-230° and dissolving in alcohol and 
ether ; phenyl disulphide separates out from the solution on 
ttnnding exposed to the air. When the ethereal salt is boiled 
with concentrated caustic potash it is decomposed into thiophenol 
and acetic aciil.* 

986 Phenyl sulphide. {C^^^, was first obtained by Stenhouse 
by the dry distillntion of sodium benzeneaulphonate.* Other 
methods of preparation have already been described under 

' FrieJtl and Crafts, Bull. Snc Chem. xnni. 484. 
' Beckiuann, Jmim. Pratt. Chem. [2], xvit 4S7. 
* Gnbriel, Ber. Draltch. Chen. Oa. x. 185. 
» vfnn. Ckem. Pkunn. cluvi. 177. 
» Ibid. Ml. 287. 
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thioplieool. To prepare it, sodium beiiztinesulpbonate is treated 
with phosphonia pentasulpbiiie. the crude product rectified over 
powdered copper and then purified by fractional distillation.' 

Phenyl sulphide is a liquid possessing an aliaceous odour, 
boiling at 2725° and having a sp. gr. 1119. Nitric acid oxidizes 
it to Bulphobenzide, (Cgll^)^.iiO^. 

Phenyl disulphide, {G^^^^, is obtained, as already stated, by 
the oxidation of thiophenol ; it is best to employ nitric acid or 
sp. gr. I'll to ri2.* It is also obtained by the action of iodine 
on aodium thiophenate : ' 

aH..SNa C„Hs.S 

+ L= I + 2NaI. 

CgHs-SNa CflHs.S 

It is further formed when benzenesulpliinic acid is heated with 
thiophenol to 110°.* 

CgHjSOjH + 3C,Hj.SH = 2(C,Hj)3S, + 2H,0. 

This reaction explains the fact that, by the action of nascent 
hydrogen on hot benzenesulphinic acid, the disulphide is formed, 
but that when the solution is kept cool, thiophenol is formed. 
Phenyl disulphide crystallizes from alcohol in brilliant needles, 
melting at 60°-61°. It boils at 310° " and decomposes on continued 
boiling into sulphur and phenyl sulphide. Reducing agents 
quickly convert it into thiophenol, and concentrated nitric acid 
oxidizes it to be nzenesul phonic acid. 

On heating it with alcoholic potash it forms thiophenol and 
benzenesulpliinic acid. Its solution in concentrated sulphuric 
acid is coloured cherry-red and then blue on warming. Thio- 
phenol gives the same reaction," as it is oxidized by the acid to 
phenyl disulphide (Stenhouse). 

Thiopicrk acid. CgHj(NO.)gSH:.— The potassium salt of this 
body separates in reddish-brown needles when a hot alcoholic 
solution of picryl chloride is gradually added to an alcoholic 
solution of potassium sulphide, which must be well cooled, and 
the whole allowed to stand ; it detonates violently at 140° and 
on percussion. The acid thus obtained, or a-trinitrothiophenol, 

' spring Bnd Kraffl, Btrr. Dcataek. Chem. Oa. v\\. 384. 
' Otlo, Ann. Chem. Fliarm. olxiii. 213. 
» Hiilwr aud Alalmrg, Hid. dvL S80. 

• S.:bill<ir nnd Otto, Btr. Dculteh. Cimi. Oa. ix. 1589. 

• Gt«be, Ann. Chan. Pharm. clxxiv. 189. 

• Bamnum and Preusso, ZeilKhr. Fh^. Ckem. v, 321. 
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is easily soluble in water, alcolio], and ether, tastes bitter, and 
cryatallizes il yellowish needles, melting at 114° and exploding 
at 115°. 

Piayl m-lphifU, [CjHjCNOJJ.S, is formed by mixing 10 cc. 
of aa alcoholic solution of 10 grms. pota^ium sulphide with 
4*4 grms. of picryl chloride dissolved in alcohol. It crystalhztis 
from glacial acetic acid in golden-coloured leaves or whitish- 
yellow prisms, melting at 266°.' 



DIHYDROXYBENZENES. C^H/OH)^, AND RE- 
LATED COMPOUNDS. 

Oethodihtdroxybenzene, Ptrocatechin or Catechol. 

987 Reinsch first obt^ned this body by the dry distillation 
of catechin,' and it was further examined by Zwenger, who 
named it " Brenzcatechin." * In his investigations on morin- 
tannic acid contained in fustic, R. Wagner observed that it is 
converted on heating into pyrom on n tannic acid,* which, he 
afterwards found, was identical with pyrocatechin, whicli 
he had prepared by heating catechu, and named, according 
to Erdmann's proposal, oxyphenic acid.'' He obtained it also 
by the dry distillation of gum-animomac, from the aqueous 
extract of the bilberry plant, and generally from the extracts of 
all plants which contain tannic acid." It is also obtdned 
when filter paper, starch, or sugar is heated to 200° — 280°,^ 
as well as by the dry distillation of wood ; it therefore occurs 
in crude pyroligneous acid.^ 

Catechol is also found in the autumnal leaves of the Virginia 
creeper (Ampelop»ii hederacea) ' and in kino, tho boiled juice of 
different species of Pterocarpua, Butea and Eucalyptus."' 

It is likewise obtained when ortho-iodophenol " or ortho- 
phenolsulphonic acid '' is fused with caustic potash. In order 

' waigcwdt, Brr. DtvUch. Chtm. Oa. ivii. ; nf. S53. 

' Jltp. Pharm. liriii. B4. 

' Auk. Chem. Pharm. xxxvii. 3S7 ; uid also Wockenroder, Hid. I1i>9, 

* Jaum. Pratt. Chem. lii. 450. > Hid. Iv. 65. 
' rioth, Ann. Clum. Pharm. cii. 216. 

* Hoppe-8«7ler, Bar. DeiUxh. Chem. Qa. it. IS. 

■ Petienkofer, JiOtTtth. ISfil, SSI ; BuchDcr, Ann. Chtm. Phartn. scrL IfiS. 

* Oomp-BeBanex, Ser. DeuUeh. Chtm. Ocu. iv. 000. 
'° Fliickiger, Hid, v. 1. 

" Koraer, ZeiUckT. Chrm. 1868, 331 
" KekuU, ibid. 1867, 64S, 
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to prepare it according to the latter method, the proportion of 
1 molecule of the acid to 2i molecules of caustic potash is 
taken and the melt heated for some time to 320°— 36U°, when 
the yield amouuts to 20 per cent, of the theort^tical. By using 
less potash or Ly not heating so strongly, the yield is rendered 
smaller, as is also the case when the mass is heated to 400°. ' 

It is hest obtained from the fraction of beechwood-tar creosote, 
boiling between 200° — 205°, the chief portion of which consists 
of the monomethyl etlier of catechol, by heating it to 195' — 
200° and passing in hydriodic acid as long as methyl iodide 
distils over. The catechol is separated by IVactional distillation 
from the product.* 

Catechol is readily soluble in water, and crystallizes therefrom 
in thin prisms, and from benzene in broad plates. It is very 
soluble in alcohol and ether, melts at 104°, and boils at 240° — 
245°. Its alkaline solution quickly turns brown in the air ; it 
readily reduces solutions of the noble metals, and precipitates 
Fehling's solution on warming. On passing nitrogen trioxide 
through its ethereal solution it forms dioxytartaric acid (p. 58), 
Ferric chloride produces in an aqueous solution of catechol an 
emerald green colour, which on addition of sodium carbonate, or 
better, bicarbonate, gives a beautiful violet red. 

The metallic compounds of catechol are very unstable, with 
the exception of the lead salt, C^HjOjPb., which forms a white 
precipitate readily soluble in acetic acid. 

988 Caledwl monomethyl ttluT or Guaiacnl, C^H^ -J OCH.' "*** 
first found in the distillation prodoctsofguaiacura,' and was after- 
wards noticed as an ingredient of beechwood-tar creosote. This 
is a mixture of phenols with the monomethyl ethers of catechol 
and its hoinologues, and will be further described under creosol, 
C^H/CHJOHCOCHal. 

lu order to prepare guaiacol, the crude compound, obtained 
from creosote by fractional distillation, is repeatedly shaken with 
moderately strong ammonia, washed and rectified. The oil is 
then dissolved in an equal volume of ether, and a small excess 
of concentrated alcoliolic potash added to it. The potassium 
salt separates out, and is then recrystiillized from alcohol and 
decomposed by dilute sulphuric acid.* 



' Deffener, Joiim. Frail. Ckem. [S], nx. 801. 

* BacyEr. Bct. DaiUdt. Chna. Ocs. viiL 153, 

* Unvunlorbfn, I'ogg. Aait. viii, 402 ; Jun. Chun. Phyi. [3], 1 
Ann. CKfin. Pluinn. ilviii. IS ; Viitkel, ibid. Ixxxijc 315. 

* Hluiweti, ibid. tvi. SSG. 
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Tt is also ubtaineil when equal molecules of catechol, causti? 
[nitash anil potasairim methyl sulphate are heated together,' or 
when vauillic acid, CaHj(0CH3)(,0H,C0iH, is distilled with 
lime.* 

Guaiacol is a strongly refractive hquid, having an aromatic 
smell, reminding one of Peru balsam. It boila at 200°, has at 
13° a sp. gr. of 1117, is slightly soluble in water, hut readily in 
alcohol ; its solution gives with ferric chloride an emerald green 
colouration. 

The metallic compounds of guaiacol are not verj- stable ; the 
formation of potassium guaicate, CjHjOjK + 2HjO, is ileacribed 
above. By adding a little potnsh or potassium to guaiacol 
heated to 'JO', the compound CjH^Oj + C-HtO^K + HjO is formed, 
which crystallizes from alcohol in shining prisms and dissolves 
in water with decomposition (Gonip-Besanez). 

Catechol dimethyl ethtr, or Veratrol, CflH.fOCH,)^, was first 
obuined by distilling veratric acid, CaH,[OCHg)jCOjH, with 
caustic baryta,' and is also formed when potassium guaicate is 
heated with methyl iodide.* It b a liquid with au aromatic 
odour, boils at 205° — 206°, and solidifies at + 15° to a crystalline 
mass, 

Catechol eitlphurie adds are not known in the free state. On 
warming a solution of catechol in caustic potash with potassium 
(lisulphate, the salts C,H/SOjK), and CoH,(OH)SOjK are 
formed. On treating the mixture with absolute alcohol, the first 
salt remains behind as a crystalline [xiwder. and on evaporating 
the solution the second separates out in shining plates.* 

These salts, or one of them, fjrin a normal constituent of the 
urine of the horse and man.* 

Catechol carbon-ate, C^HjCO,, is obtained by the action of 
ethyl chlorocarbonate on a mixture of caustic potash and 
catechol or on the sodium salt: 
ONa 



CflH,/ + 2CIC0.0C,H. 

^ONa 



C,H.; 






;C0 + CO(OaHs), + 2NaCl. 



' Oorap-Besaurz, Ann. Chfm. Pliartn. rxlvii. 248. 
' llcmauD, Btr. DtMtch. Chan. O'm. viii. 1)23. 

• Utnk, Ann. Ghem. Pkam. cviiL 60 ; Kullu, i/iid. clii, SJ3. 

* UaToaae., ibid, ctii. 71. * Baumann, Jlcr, Dcutaeh. Cheiit. O 
' BftamonD, ZtibKhr. Fkyt. Clum, i. £1(. 
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It crystallizes from alcohol or benzene in fine four-sided 
prisms, melting at 118*, and boils without decomposition 
between 225* — 230*.^ By the action of acetyl chloride on 
catechol, the diacetate, CgH^(OC2H30)2, is formed, which cry- 
stallizes in needles.' 

On heating guaiacol with acetic anhydride, aceto-guaiacol, 
CeH^COCHj^OC^HgO, a Umpid Uquid, boiling at 235*— 240V is 
formed. 

TeiraAromocatechol, CgBr^(0H)2, is obtained by triturating 
together catechol and bromine,* as well as by heating proto- 
catechuic acid, 0^113(011)200211, with bromine * ; it crystallizes 
in long needles which melt at 187* and are insoluble in water. 
Its alcoholic solution is coloured dark blue by ferric chloride. 

NiiroccUcchol, 05H3(NO)2(OH)2, is obtained by the addition 
of sulphuric acid to an aqueous solution of catechol and potas- 
sium nitrate. It is readily soluble in water, and crystallizes 
from benzene in yellowish needles, melting at 157*. It dissolves 
in caustic potash, forming a splendid purple solution. This 
reaction is so delicate that nitrocatechol makes an excellent 

indicator for volumetric analysis.® 

f OH 

989 Orthohydrcxyphenyl hydrosulphide, C^HA sh»^^ obtained 

when sodium phenate is heated with sulphur to 180* — 200*. 
2C.H,0Na + S = C,H, { ^^a + c,H,OH. 

This body can be indirectly separated from the product by oxida- 
tion, the effect of which is to form dihydroxyphenyl disulphide. 

.OH 
C«H / 
/OH \S 

2CeH,< +0= I +H2O. 

\SH /S 

\0H 

The latter is isolated by acidifying with sulphuric acid and 
distilling with steam. The distillate is neutralised with soda 

* Bender, Ber, DeuUch, Chem. Gcs. xiii. 697 ; Wallach, Ann. Chem, Pharm, 
ncxxvi. 84. 
'' Nachbaur, ibid. cvii. 246. 

' Tiemann and Kojjpe, Ber. DetUsch. Chem, Ges, xiv. 2020. 
^ Hlasiwetz, Ann, Chem, Phann, cxliL 250. 
' Stcnhouse, Chem, News, xxix. 95. 
< Benedikt, Ber. Dcultch. Chem. Get. xi. 862. 
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and concentrated to obtain the salt (C(|HJjSj(OH)ONa, wbicli 
f(irm8 iu white crystalline crusts, dissolving iu wattr and pro- 
ducing an intenaely yellow solution. On addition of sulphuric 
acid and extraction with ether, the free diliydroxyphenyl di- 
sulphide is obtained ; it is a thick oil, puasesaiug a faint smell, 
and decomposing at 200°. It forms two series of salts ; of these 
the normal are decomposed by carbon dioxide. 

The dimethyl ether, S,(CoH,OCHJ^ is obtained when the 
sodium salt is heated with caustic soda, ethyl iodide, and methyl 
alcohol It crystallizes from alcohol in odourless needles, melt- 
ing at 119°. It is ajao formed by replacing the hydrogen of the 
hydroxyl in potassium orthuplienolsulphonate, CjHj(0H)S03K, 
hy methyl, converting the potassium anisolsulphonate so ob- 
tained, by moans of phosphorus chloride, into the corresponding 
sulphonyl chloride, and treating this, in alcoholic solution, with 
zinc dust On oxidation with chromic acid, the methyl ether 
is reconverteii into anisolorthosul phonic acid, which, on fusion 
with caustic potash, yields catechol. 

In order to prepare ortbohydroxyphenylmercaptan, sodium 
nmalgam is added to a solution of the above-mentioned sodium 
salt. 



CeH,< 



^ONa 



C,H, 



\0H 



-I- 3NaOH + Hj = 2CoHj 



+ 3H,0. 



By the decomposition of the product with dilute sulphuric 
acid, ort.hohydroxyphenyl hydrosulphide is obtained as a strongly 
refractive liquid, having a penetrating smell and, like phenol, 
corroding the skin. It solidities at a tow temperature to a 
crystalline mass, similar to phenol, which melts at 5° — G°. It is 
a tolerably strong acid, decomjxising carbonates ; its aqueous 
solution reddens litmus. On the addition of a little ferric 
chloride and carbonate of soda a very intense green colour is 
obtained, winch, by adding caustic soda, is changed to a deep red. 
Oxidizing agents readily convert it again into dihydroxyphenyl 
disulpbide, which is also formed by exposing an alkaline solution 
of the mercaptan to the air.' 

' Htulineer, Monatub, Chcm. iv. 1(!6. 



METADim'DROXYBENZENE, EeSORCIN, OR ReSORCINOL, 

ggo This body waa first obtained by Earth and Hlasiwetz by 
fusing galbanum or gum-ammoDiaf! with caustic potash, and since 
it is very similar to orcin (di hydroxy toluene), its higher homo- 
logue, and is obtained from resina, it was named resorcin,* It is 
also obtained in a similar way fiom Amfcetida,^ Sagapennm, and 
Acaroiti? It ia also abundantly produced when impure braziiin, 
which Beparates as a crust from Brazil wood extract on standing, 
is subjected to dry distillation.* 

Besorcinol is further obtained by fusing meta-iodophenol,' 
phenol metasulphonic acid ■ or benzenemetadisulphonic acid with 
caustic potash. But it is also formed in this way from benzeae- 
paradisutphonic acid^ and parabromophenal, wliile metabrorao- 
phenol and orthobromophenol give catechol in addition.* During 
fusion with potash, intermolecular changes frequently take place. 
On fusing phenol for a long time witli an excess of caustic 
Boda, hydrogen is evolved, and resorcinol, catechol, phloroglucinol, 
CoH,,(OH)3, and diresorcinol, C,sH,(OH),,» are formed. 

That resorcinol belongs to the meta-series is shown by the 
fact that it is easily obtained by the diazo-reaction from meta- 
amidophenol." 

Resorcinol is employed ia the manufacture of diflferent colour- 
ing matters. To prepare it on the large scale, 90 tiloa of 
fuming sulphuric acid, of sp, gr. 2'244, are put into a cast-iron 
apparatus furnished with an agitator, and 24 kJlus of pure 
benzene gradually added, the mixture gently heated for some 
hours, and the temperature then raised to 275°, in order to 
convert the benzene completely into the disulphouic acid. ' 
After cooling, the mass is poured into 2,n0O kilos of water, 
heated to boiling, neuti-alized with milk of lime, and tlie 
gypsum removed by the filter press. The calculated quantity 
of Boda is then added to the solution, the calcium carbonate 
separated by the filter press, the solution evaporated to dryness, 
and CO kilos of tho product thus obtained fused with 150 

' Ann. Chan. Pharm. cxxx. S54. 

' Ibid, cxxzviii 83. ' md. cntiU. 78. 

• Kopp. Ber. Dtnttch. Chmn. Get. vi 4i8. 
" Kunior, ZriiKhT. Ckfm. 189S, 323. 

' Bnrtli und Senhofer, BfT. Dniijcli. Chon. Gci. ix. Bee. 

' Barth and Sciiliorer, ibid. viii. Uit. 

■ Flittig and Mager, ibid, vii, 1175 ; vm. 365, 

* Bartli and Suhnder, Olid. siL 417. '" Bantlia, ibid. li. 2101. 
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kilos of caustic soda in an iron vessel for eight to nine hours at 
270°. The cooled melt is then dissolved in 500 kilos of boiling 
water and tlie eolation boiled witli hydrochloric acid as long 
as sulphur dioxide is given off. The cooled liquid is then sys- 
ttmatically estracled with ether in a copper extraction-apparatus 
and the ether distilled off. The crude resorcinol thus obtained 
is heated up to 215°, in order to free it from water and ad- 
hering ether, the loss of which amounts on the whole to about 
1 per cent The residue, which contains 92 to 94 per cent. 
of resorcinol, forms tlie commercial product.' In onler to pre- 
pare the pure compound, this crude product is distilled, when 
first water, then phenol, and, lastly, resorcinol comes over. This 
can be further purified by recrystallizatlon from benzene, or by 
suhlimation. 

Resorcinol is very readily soluble in water, still more readily 
in alcohol and ether, but only with difficulty in cold benzene. 
It crystallizes in large rhombic prisms or tablets. It melts at 
118^, boils at 27G'5°, but readily sublimes at a lower tempera- 
ture in lustrous silky needles. Its taste is intensely sweet, 
but causes subsequent irritation. In the warm state it re- 
duces ammoniacal silver solution and Fehling's solution. It 
is distinguished from catechol by the fact that its solution 
produces a violet colour with ferric chloride, and is not pre- 
cipiuted by leatl acetate. 

In order to detect small quantities of resorcinol, it is heated for 
some minutes with phthalic anhydride almost to boiling, and the 
residue dissolved in dilute sulphuric acid. If resorcinol be 
present, the alkaline solution exhibits a dne green fluorescence, 
fluorescein, which will be subsequently described, being formed. 

ggi Itesorcinvl ether, Ci^ifi^, is the name given to a body 
which is obtained by heating resorcinol with fuming hydrochloric 
acid to ISO", when it separates out like a resin.' It ia also formed 
when resorcinol is heated with resorcinoldisu' phonic acid ^ as 
well as by the action of fuming sulphuric acid on resorcinol.* 
By dissolving the latter in a large excess of the acid an orange- 
coloured solution is obtained, which gradually darkens, and turns 
greenish-blue, green, and finally a beautiful blue. On then 
heating it to IOU° it is coloured purjile-red, and on the addition 
uf wattr, yellow (Kopp). The resorcinol ether obtained by 

1 Bin»'1i»tler knd U<3ac\ Jakmh. 1873, 1137, ana IIS4. 

' Itarlh, Ann. fhtm. P/uirm. clxii-. 122 ; Ber. Dealtch. C/iem. Ge». ix. 308. 

■ Hnxura niid Jnliti), Mimattb. CIttm. v. 101. 

* Eopp, £eT. DtiOMA. Chan. Qtt. vi 447 ; Annaheim, ibid. x. 976. 
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means of hydrochloric acid contains the compound CjjHjgOj. 
To separate these bodies, the crude product is dissolved in strong 
alcohol, iuid an alcoholic solution of lead acetate added, the lead 
compound of the ether being precipitated, filtered off, dissolved 
in glacial acetic acid and decomposed by hydrochloric acid ; or 
it may be covered with alcohol and treated with sulphiiretted 
hydrogen gas,' Resorcinol ether is a resinous mass, or a fiery, 
brownish-red powder, showing when pressed a greenish metallic 
lustre. It dissolves in alkalis forming a deep red solution, which, 
when dilute, exhibits a beautiful green fluorescence. On fusing 
it with caustic alkali, resorcinol, together with other bodies, is 
obtaiaed. 

Resorcinol moiiomctki/l t.ther, CgH,(OH)OCHj, ia formed, to- 
gether with the dimethyl ether, when resorcinol is heated with 
caustic potash and potassium niethylsulphate,* or when resorcinol 
and sodium ere dissolved in methyl alcohol and then boiled with 
methyl iodide." The monomethyl ether is an oily liquid, soluble 
with difficulty in cold water, but readily soluble in hot water; 
its solution is coloured hght violet by ferric chloride. It is 
readily soluble in dilute caustic soda, and boils at 243° — 244'. 

ResoTciTuil dimethyl dker, CoH,(OCH,) j. is a light mobile liquid, 
having an aromatic smell. It boils at 214°, is not soluble in 
caustic soda and is not coloured by ferric chloride. 

Resorcinol diithyl carhonale, CflHj(O.CO.C^HJj, is obtained by 
the action of ethyl chloroformate on the sodium compound of 
resorcinol. It ia a thick oily liquid boiling at 298° — 302°.* 

Diacetortsorcinul, CaHj(OC,HgO)j, is obtained by the action of 
acetyl chloride on resorcinol and is a strongly refractive Uauid, 
boiling with shght decomposition at 278°,* 

Thio-resorcinol, CgH,(SH)j, is obtained by the action of tin 
and hydrochloric acid on benzene metadiaul phonic chloride, 
CaHj(SOgCl)^,* and forms crystals, which have a penetrating 
odour. It melts at 27°, and boils at 243°. Its lead salt, CgH^S,Pb, , 
is a yellowish-red precipitate which on heating with cyanogen 
iodide and alcohol yields the tliiocyanate, CgH4(SCN)j. which 
crystallizes in shining needles and melts at 54*.' 

Thioresorcinol is sometimes found in commercial resordnoL 



I RArth and Wddel, B/r. DnJtck. Chmi. Get. x. 1 4A4. 

' H«lwnii»iin, ibid. x. 867. ' Tiomann and Pamaino, iWA xiU. 3302. 

• WbIIbcIi, .,^1111. Ch/mt. Pharm. ocmvi. Si. 

' Malin. ibid. cxiivUL 78 ; Kencki unil Piobor, Journ, Frakt. Chan, [a]. 
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CHLORINE SUBSTITUTION PRODUCTS OF 

RESORCINOL. 

Melting- Boiling- 
Point. Point 

Monochlororesoremol,C«H,Cl(OH)^ | "J^^^,f \ 89" SoC* 

Dichlororesorcinol, CjHjCl^(OH)j, rhombic prisms 77** 249* 
Trichlororesorcinol, C^HCl,(OH)y fine needles 83° — 

993 These bodies are obtained by the action of sulphuryl 
chloride on resorcinoL Trichlororesorcinol is also obtained when 
chlorine is passed through an aqueous solution of resorcinoL The 
aqueous solutions of the first two are coloured a bluish-violet by 
ferric chloride.* 

Pentaehlcrortsoreinol, CjHCl5(OCl)2, is obtained by the action, 
of potassium chlorate and hydrochloric acid on resorcinoL* It 
crystallizes from carbon disulphide in flat prisms, melting at 
92*5*. It may be heated to its boiling-point without decomposi- 
tion, but a concentrated solution of acid potassium sulphite 
converts it into isotrichlororesorcinol, CgHCl5(OH)2, which 
crystallizes in needles melting at 69''.' 

Pentachlororesorcinol effloresces in the air, being converted 
into a modification which melts at 65*. This is obtained directly 
when pentachlororesorcinol is dissolved in hot water, and separates 
out on cooling in indistinct crystals.^ 



BROMINE SUBSTITUTION PRODUCTS OF 

RESORCINOL. 

Melting.Pt. 

a-I>ibromoresorcinol (») C^U^ToiOB)^ neeilles .... 92'— 93° 
/9-Dibromoresorcinol (•) C^H^Bt^(OU)^ long needles . 83"— So'* 

993 Tribromoresarcinol, CeHBr3(OH)2, is obtained by the action 
of bromine water on resorcinoL^ It crj'stallizes in small needles 

* Reinhard, Joum, Prakt. Chem, [2], xviL 321. 
' Stenhoiise, Boy. Soe, Fro, xx. 72. 

' Claaasen, Ber, Deutach. Chem. Ga. zi. 1441. 

* LiebermAnn and Dittler, Ann. Chem. Pharm. olxix. 26f». 

* Baeyer, ibid, clxxxiii. 67 ; Hofmann, Ber. DeuUck. Chan. Get. riii. 64. 

* Zehenter, MtmeUsb. Chem. ii. 478. 

' Hlasiweti and Barth, Ann, Chem, Pharm, cxxx. 357. 
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whiob melt at 104°, are soluble with difficulty iu cold water, 
and readily in alcohol. 

TetralroTn.oresorcinol, CgBr((OH)j, is obtained on warming 
pentabromoreaorcinol with sulphuric acid ; ' it crystallizes from 
dilute alcohol in needles melting at 1C7°. 

PentatiTomoTesorcinol, CgHBr,(OBr)g, separates out when a 
concentrated aqueous solution of reaorcinol * is poured into bro- 
mine ; it crystallizes from carbon disulphide iu tetragonal tables 
melting at 1135°. 

Hydriodic acid and other reducing agents convert it into 
tribromoresorcinol.' On heating to 16U° it gradually decom- 
poses into bromine and tribromoresoquinone, CgHBrjO,. crystal- 
lizing from alcohol in small orange-coloured needles, which are 
decomposed on heating.* 

Hexbrovioream-cinol, CgBr,(OBr)j, is obtained by dissolving 
tetrabroraoresorcinol in caustic potash, and then adding hydro- 
chloric acid aud bromine water. It forms monocliuic crystals 
which melt at 136°, and by the action of tin and hydrochloric 
acid are again converted into tetrabronioreaorcinol.* 



IODINE SUBSTITUTION PRODUCTS OF 
RESORCINOL. 

Mffn^-iotioresoTcinol, CgHjI(OH)j, was obtained by Stenhouse 
by gradually adding lead oxide to a solution of resorcinol aud 
iodine in ether. It crystallizes in rhorabohedral prisms melting 
at 6r.» 

Tri-iodorfsorcinot, CaHI;,(OH)j, is obtained when chloride of 
iodine is added to an aqueous solution of resorcinol,^ or when 
this body is placed in a solution of potassium iodate and iodine 
in potassium iodide,* It crystallizes from carbon disulphide in 
needles melting at 154°. 



' ClaauBcn. Srr. Deuiteh. Chem. Or>. il HIO. 

* aicnhouse, Itiyy. Sot. Pro. ii. 12. 
' Benedikt, Uonattb. Chem. i. 8S1. 

* 1 jebermwm and DittlsT, Jnn. Chem. Pliana. cliii. 259. 

■ Benedikt, MonaUi. Chem. i. SBS. 

* Stenhonse, Ch/-m. A'cira, xxvi. 279. 

' Michael and Norton. Ber. Dtuluh. Chem. Get. \x. 1762. 

■ CUaisea, ibid. ii. 1112. 
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NITRO-SUBSTITUTION PRODUCTS OF 
RESORCINOL. 

994 Mononitroresorcinol, O^^QiO^iOS.)^. is obtained iu two 
isomeric forms, togetlier with other products, which will be 
ilescribed later on, when an ethereal solutioii of resorciaol is 
treated with nitric acid containing nitrous acid. They can 
readily be st-parated by distillation with steam. The volatile 
nitro-re-Borcinol, (OH ; NOj : OH = 1 t 2 : 31, ci-ystallizes from 
dilute alcoliol in orange-red prisma melting at 85°, and having 
an intense amell like that of orthonitrophenol. 

The non-volatile nitroresorcinol, (1:4: 3), forma lemon-coloured, 
hair-like needles melting at 115°. Ita salts, which crystallize 
well, have a deep yellow to orange-red colour.' 

Fuming sulphuric acid converts it into nitroresorcinol ether, 
[0„Hj(NOj)OH]jO, which crystallizes in light rose-coloured 
needles, or in brown warty massea containing one molecule of 
water. It forms two barium salts, and is converted by i 
centrated nitric acid into trinitroreaorcinol.* 

DinilroresorciTwl, CjHj(N0j)2(0H)g. is formed by passing 
nitrogen trioxide through an ethereal solution of dinitroso- 
resorcinoL It crystallizes from alcohol in small, light yellow 
plates which melt at 142°, and are converted by dilute nitric 
acid into tri nitroresorcinol.' [ 

IsodinitTorcsoreinol, CbHj{N0,),(0H)^, is obtained when di- 
acetylresorcinol is converted by the action of concentrated nitric 
acid into the dinitro-compouud, and thia decompoaed by hydro- 
chloric acid.* It forms small, light-brown, shining plates, which 
melt at 2I2-5°, and are not attacked by boiling nitric acid 
(Benedikt and Hiibl). 

Trinilrare^ordnol. or Styjihnic Acid, CaH(NOj%fOH)j. — On 
boiling logwood extract with nitiic acid, Chevreul in 1808 
obtained a crystalline body, which be considered to bo a com- 
pound of an oil, or resinous matter with nitric acid ; not only ia 
its mode of preparation very nearly identical with that of Welter's 
Bitter (Picric Acid), but it also forms explosive salts like thia 

' Flitt, Str. DeulMh. Ch/m. Or*. vii[, 631. 

* Wewilslcy uid Bcni:ilikt, ilonaUb. Chtm. i. 8S 
Clum. », 188. 

* Benedikt uid Hiilil. Momitib. Chnn. ii. 323, 

* Tjiikc, &r, DcutKh. ClKm. Oea. xvL D51. 
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bodj.^ Erdraann then found, in 1846, that by the action of nitric 
acid on euxantliic acid, C,gH,g0^p, the magnesium salt of which 
occurs in commerce under the name Purree or Indian yellow, an 
acid is obtained to which he gave the name of uxypicric acid, 
because it contained an atom of oxygen more than picric acid.' 
About this time Bottger and Will observed that when certain 
gum-resina or vegetable guma, as well as the extracts of difierent 
dye-woods, bodies which we now know yield resorciuol on fusion 
with potash, are boiled with nitric acid, an acid similar to picric 
acid is obtained, which they named styphuic acid, because it 
does not taste bitter, but astringent (ittv<}>vo<!).' They per- 
ceived that this body is identical with Chevreul's substance, and 
supposed that this was also the case with oxypicrie acid, a view 
which Erdmann confirmed.' Schreder showed that it is tri- 
nitroreaorcinol,' and Stenhouse afterwards obtained it by the 
action of nitrosulphuric acid on resorcinol." It is also formed by 
the continued action of fuming nitric acid on metanitrophenoL^ 

To prepare styphnic acid, dissolve finely-powdered resorcinol, 
gradually and with continual stirring, in 5 to 6 parts of 
concentrated sulphuric acid warmed to about 40° ; then cool 
down to 10° — 12°, and add by degrees 2 to 2 5 times the theo- 
retical quantity of nitric acid, adding at first concentrated acid 
mixed with 10 per cent, by weight of water, then concentrated 
acid without admixture of water, and finally fuming acid ; 
during this operation the mixture must be continually agitated. 
It is now allowed to stand overnight, and ia then brought into 
1'5 to 2 volumes of cold water and passed through a vacuum 
filter to separate the cryatals from the mother-Uquor. On 
evaporation a further crop of crystals is obtained.' 

Styphnic acid separates from its solution in dilute alcohol in 
large, sulphur-coloured, hexagonal crystals, which melt at 175"6°, 
and dissolve in 165 parts of water at 14°, more abundantly in 
hot water, and readily in alcohol and ether. From its aqueous 
solution, which has an acid reaction, it is precipitated by even a 
small quantity of a strong acid (Stenhouse). 

The Sly^hnaifs. — Styphnic acid forms two series of yellow 
coloured salts, most of which are only slightly soluble, and, on 



' Ann. Ctum. lx»i. 248 ; Ixxiii. *3. 
' Ann. Chnn. Ph^rm. Iviii. 273. 

• Ann. Chan. Phann. olviii. 2M. 

' Bantlin. }{tT. Ueultch. Chan. Qea. li 

* Klcn find Zctlcr, Lictiig'i Anit. lU. 2 
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heating, explode more violently than tlie picrates (Buttger and 
Will). 

Dimethyl 8%>Aiia^e,CoH(NO,)j(OCHjlj. was obtained by Kouig 
by the action of nitrosulphuric acid on reaorcinol dimethyl 
ether; it crystallizes in small plates, melting at 123° — 124°.' 

IHethyl anphnaif. CgHCNOjJjtOCjHjjj, is obtained by the 
action of ethyl iodide on silver styphriate, and crystallizes in 
long plates, which melt at 12l)'5°, and are quickly coloured 
orange-brown in the light (Stenhouse). 

By the action of alcoholic ammonia it is easily converted 
into trinitrometadiamidobenzene, CgH(NOj)j(NH,),, a yellow 
CTysbdline powder, which is only soluble with difficulty in the 
ordinary solvents, and on heating with dilute caustic soda is 
L'on verted into sodium stj-jahnate. 

Styphnic acid can only have one of the following formulce, 
[ because it is obtained from metanitrophenol. 

OH OH OH 

/\no. ^'^/\ no/\no, 

N0J\/'0H N0j\/f0H \/*^H 

NOj NO, NO, 

In the first, as well as in the second formula, two nitroxyls 

ffe found in adjacent positions ; and, according to Laubenbeimer'a 

K'lnle, by the action of ammonia or alkalis one of these should 

I be replaced by the amido-group or hydroxyl, which is not the 

; therefore the third formula represents the constitution of 

Btyphnic acid.' 

lieaorcinol ijtdopkanc, C^HjNjOg. — The potassium salt, 
CgHjKjN^O, + HjO, separates as a dark-brown, metallic- 
looking, crystalline mass, when wann solutions of potassium 
kiOyanide and jKitaasium styphnate are niL^ed. It explodes on 
^tieating, and yields, on decomposition with dilute sulphuric acid, 
free resorcinol iudophane, which forms needles having a metallic 
lustre and dissolving ha water forming a bluish-violet solution.' 
Tetranitroreaorcinol. Cn(NO^j(OH)j, is obtained, as alreaily 
I stated, together with triuitrophenol and styphnic acid, by the 
■ farther nitration of 7-dinitrophenol. It is only slightly soluble 
1 water, hut readily in alcohol, and ci-j-atallizes in colourless or 

> SfT. DhUmK. Clum. Ort, xi. 1042. 
' NoltinK «ud Collm, Utid. xvii. S.'.S. 
■ Scbttikt, AitTt. Vktrm. Pkarm, cUuL 29S. 
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yellowish needles, which melt at 166** and sublime easily. It is, 
however, still questionable whether this compound is a derivative 
of resorcinol. 



Paradihydroxybenzene, Hydroquinone, or Quinol, 

C,H,(OH)^ 

995 ^y *^® ^T distillation of quinic acid, Caventou and 
Pelletier obtained a crystalline body, which they did not tho- 
roughly examine, but named pyroquinic acid. Wohler,^ however, 
gave it the name of hydroquinone, because it is readily formed 
by the combination of hydrogen and quinone, CgH^Ojj, which is an 
oxidation product of quinic acid and will be described later on. 
He found that this reduction can be performed with hydriodic 
acid and telluretted hydrogen, but that hydroquinone is best ob- 
tained when sulphur dioxide is passed through a warm saturated 
solution containing some undissolved quinone, 

C^Bfi, + 2H2O + SO, = CeHeO, + SO,H,. 

Besides these, almost all other reducing agents convert quinone 
into quinol. 

Quinol is also formed by fusing para-iodophenol with caustic 
potash,^ and by boiling paradiazobenzene sulphate with dilute 
sulphuric acid.'* 

The formation of quinol from succinic acid and acetoacetic 
acid is very interesting. By the action of sodium on the ethyl- 
ether of the former, succino-succinic ether (Vol. III. Part IL 
p. 189) is obtained, which is also formed when bromaceto-acetic 
other is treated with sodium.* 



CH, 



COj-CjIIj 



h 



CHj— CH 



;o 

2 I + 2Na = CO CO + Hj + 2NaBr. 

CHBr I I 

CH — CH, 



A 



Oj.CA 



'2 



COg CgHj. 



* Ann, Chem. Pharm. li. 145 ; Ixv. 849. 

» Kiiraer, ZeiUeh, Chcm^ 1866, 622 and 731. 

^ Wesclsky and Scliulcr, Ber. JJetUsch. Chtsm, Oes, ix. 1159. 

* DuUbei^, ibid, xvi. 133. 
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By the action of bromine this is converted into the diothyl- 

B«ther of cjuinoWicarboXylic acid, ChHiO,(COjH)j. The free acid 

" cryalaUizes from hot water in liair-like needles, Ita solution is 

coloured pure blue by ferric chloride. On dry distillation the 

acid is decom]K)sed into quino! and carbon diosidc.^ 

Quinol is also found in the distillation products of the salts of 

|.BUncinic acid.* 

In order to prepare it, quinone, which ia best obtained by the 

■exidation of aidline, is employed : 1 part of aniline is dissolved 

lm.8 pts. of stilphuric acid and 30 pts. of wat«r, and a aolution of 

JS'5 pts, of powdered potassium bichromate gradually added to 

Fthe cooled solution. Potassium sulphite is added to the brown 

liquid tbu3 obtained, and the whole extracted with ether.* 

The latter ia then distilled off, the residue dissolved in the 

smallest possible quantity of bot water, sulphurous acid and 

J animal charcoal added, and the solution boiled and filtered,* On 

lauding, the quinol separates out from the filtrate in hesagonal 

■'riiombohedral prisms, which sublime on heating in raonoclinic 

T plates. These, on recrystallization from hot water, reproduce 

r crystals of the former kind." Quinol is therefore dimorphous ; 

I it has a slightly sweet taste, melts at 169", and distils without 

■ decomposition. It is readily soluble in hot water, alcohol, and 
Bether, and slightly in cold benzene. On fusing with caustic 
Ipotash it remains unchanged ; if its vapour be passed through a 
t.tube at a low red heat it is decomposed into hydrogen and 
■quinone.^ The latter is also very easily formed by the action of 
loxidizing agents, for which reason quinol reduces silver nitrate 

' solution on warming, and Fehling's solution even in the cold. 
Ferric chloride also easily oxidizes it. by means of which re- 
action it can be readily distinguished from its isomerides. Italso 
differs from catechol in not being precipitated by lead acetate. 
I On dissolving it in a hot solution of this salt, the compound 
I BfCaHaO, + (CflHsO^^Pb] + 3HjO separates out on cooling in 
I'Oblique, rhombic prisms (Wiihler). On passing sulphuretted 

■ bydn^n through a cold saturated solution of quiuol, gently 
Bvarming until crystals appear, and then allowing the gas to 
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stream through uutil these are rediasolved, the compound 
(CgH50j).,8H3 separates out on cooling in colourless, transparent 
rbombohedra, which are odourless, and stable in the dry state. 
Cold water decomposes them slowly, hot water quickly, into 
their constituents. By employing a saturated solution warmed 
to 40°, long, colourless prisms of the composition (CflHjOjJjSHj 
are obtained, which behave like the preceding compound.' On 
passing sulphur dioxide through a solution of quinol, yellow 
rhombohedra of the composition (CgHuO J^SOj. are formed, which 
decompose on heating.* 

996 Qtii7iol methyl ether. CgH,(OCH,)OH. was first obtained, 
together with quinol, as a decomposition product of ai-bittin. It 
is formed together with the dimethyl ether by heating quinol with 
caustic potash and potassium methyl sulphate to 170°.* It is 
more easily obtained by digesting 1 pt. of potash, 2 pta. quinol, 
3 pts. methyl iodide, and some methyl alcohol in a Sask connected 
with an inverted condenser, until the alkaline reaction disap- 
pears. The methyl alcohol is evaporated oS' and the residue 
distilled in a current of steam, when the dimethyl ether comes 
over. The residue is then extracted with ether and the latter 
distilled off, the raonomethyl ether, together with some quinol, 
remaining behind. These are then separated by cold ben- 
zene, in which the methyl ether is readily soluble ; after the 
removal of the benzene this is rectified,* It crystallizes in 
rhombic plates or prismatic tables melting at 53° and boiling 
at 243°. It is not oxidized by ferric chloride, but reduces silver 
nitrate solution on warming. 

QuiTiol dimethyl ether, GgH/OCHj)^, is best obtained by 
warming 10 pts. of quinol, 12 pts. of caustic potash, and 30 pts, 
of methyl iodide diluted with double the volume of wood spirit, 
under an extra pressure of 200 mm. in an apparatus connected 
with an inverted condenser. On recrystallization from methyl 
alcohol or ordinary alcohol, it is obtained in splendid plates 
melting at 56°.' It behaves towards ferric chloride and silver 
nitrate like the preceding compound. When 15 to 20 volumes 
of ether are added to a concentrated solution of the methyl 
ether and caustic potash, the phenate, CgHj(0CH3)0K, separates 



' WohUr, Ann. Chem. Pharm. IxU. 294, 
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out as a crystalline powder, or, when the materials are not 
anhydrous, in crystalline tablets.' 

Qninol ethyl dher. C^K^{OQ;il^On. ia rea.lily soluble in hot 
water, and crystallizes in very thin, satin-like needles ; it melts 
at 66° and boiU at 2+6°— 247°.* 

Qitinol diethyl ether. CaH((0C.H5)j, forms large thin plates, 
which melt at 72" and are volatile in steam,' 

Fiala* has prepared the following mixed etbers of quinol; 
these hodit>a possess an aromatic odour resembling funnel, and 
have a burning tasto : 

Milling I'oint. 
p TT I OCH, , , 



39°. 



-M°^^, 



crystals 



'^•"'{oC,H,(CHJ, '■1"''' 



997 Arbutin, Cj^Hi^O,, — This glucoside was found by Kawalier 
in the leaves of the bearberry (Arbutus e. Ardoataphylos iiva-ursi), 
and he showed that it ia decomposed by emulsin into glucose 
und arctuvin.* Streckcr, who recognised the latter compound as 
quinol, proved the composition of arbutin, and also effected its 
decomposition by boiling with dilute sulphunc acid." He also 
found it in the leaves of the wintergreen {Pyrola umhellaia).'' 
In order to prepare it, the leaves are boiled with water, lead 
acetate added to the solution to precipitate tannic acid, &c„ and 
the filtrate treated with sulphuretted hydrogen and evaporatetl. 
Arbutin crysfjillizea from boiling water in long silky needles 
containing half a molecule of water of crystallization, wliich is 
driven off at 100*. It tastes bitter, and gives a Hght blue colour 
with ferric chloride. By heating it with acetic anhydride, 
the pentacetate, CjgHn(CjHjO)50T, which crystalhzes from hot 
alcohol in needles or plates, is obtained. 

These different reactions show that arbutin is an ether of 
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dextrose, and at the same time a. phenol : its constitution is 
therefore expressed by the following formula (Sohiff) : ' 

CHO 

fCH.0H)4 

CH,.OCoH..OH. 

Hlasiwetz and Habermann proposed for arbutin the for- 
mula CjjHjjO„, because they found that on decomposition it 
yielded equal molecules of quinol and quinol methyl ether.^ 
Arbutin is, however, more probably, a mixture of the glucp- 
sides of both compounds,' and, indeed, the analyses of different 
preparations show varying relations. By the fractional crystal- 
lization of such a mixture, Schiff succeeded in obtaining a 
pure normal arbutin crystallizing in needles, 2 to 3 centimetres 
in length, which, after being dried at 110° — 115°, melt at 
165°— 166°.* 

On the other hand, he could not then obtain a melTiylarhutin, 
C,jH,j(CHj)Oj, free from arbutin. Michael, however, obtained 
it artificially, by allowing a solution of 11 parts of the above- 
mentioned potassium compound of methylquinol, and 25 parts 
of aeeto-chlorohydrose, in absolute alcohol to stand for several 
days (see Phonolglucoside, p. 107). It crystallizes from water in 
long, silky needles, containing half a molecule of water of 
crystal Uzation, and meltingi»the anhydrous state atl68° — 169°. 
Methylarbutin gives no colour with ferric chloride ; it is easily 
decomposed on heating with acids or in presence of emulsin,' 

Schiff then obtained this compoiind by heating a solution of 
ordinaiy arbutin, methyl iodide, and caustic potash, in methyl 
alcohol. It contained one molecule of water of crystallization, 
and melted in the anhydrous state at 175' — ITC*. He also 
found that mixtures of both glucosides melt lower than either 
of them separately, and beheves that the true melting-point of 
pure arbutin is somewhat higher than 190'5°. the temperature 
which he had previously observed." 

Diacetoqv.inoi, C^JfiC^fi)^, is obtained by hcatimj quinol 
with acetic anhydride or acetyl chloride, and crystallizes in tables 
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or plates, melting at 123° — 124°, and readily subliming in needles. 
It is readily soluble in benzene and ether, and slightly in alcohgl 
imd hot water.' 

Qiiinol etkylearbonate, CaH^(O.CO„C,HJj, is obtained by the 
action of ethyl chlorocarbonate on a mixture of caustic potash 
and <^uinol ; it cryataUiues from absolute alcohol in large needles, 
which melt at 101°, boil at 310°, and are not attacked by alkalis 
or acids even on wanning.* 

Acetoofipiinol, CjH,Oj.CjH,0. is obtained hy the direct com- 
bination of its constituents and forms beautiful, transparent, 
moQocIinic crystals, which give off acetone in the air and 
become opaque without falling to powder. This body has an 
analogous composition to quinhydrone (see p. 164).* 

Tkioqtiinol, C„H((SH)j, may be obtained by the action of 
tin and hydrochloric acid on benzenedisulphonyl chloride ; it 
crystallizes in email six-sided plates, melting at 9&*. Its lead 
salt, C„H,SjPb, is a yellowish-red precipitate.* 



CHLORINE SUBSTITUTION PRODUCTS OF 
QUINOL. 

998 These bodies are not formed by the direct action of 
chlorine on quinol, because the latter is thereby converted into 
qninone. They can, however, be obtained by reducing the eubsti- 
tution products of quinone, as well as by treating them with 
hydrochloric acid. 

C/iloroquinol, CflIliCl{OH)j, is obtained by treating quinone 
with concentrated hydrocliloric acid (Wijbler) ', and by the 
action of sulphurous acid on chloroquinone (Stiidelur).' It 
is readily soluble in water and crystallizes in prisms melting 
at 98V 

a-Dichlornquinol, C^T[{^Clj(OK)^{Cl : CI = 2 : 5). was prepared 
"by Stadeler from the corresponding dicbloroquinone ; it is also 
obtained by the combination of monochloroquinol with bydro- 

' Enkowski, Xeiiff SntulKSrterb. U. 660 ; Ho»so. Ann. Chem. PAarm. cc, 211 ; 
Klelllti, Ber. Dculjvh. C/irm. Ha. xi. 170. 

' BrndCT, Ser, Dcuttck. Clu^t. Oa. ziiL 607 % 'Walloch, Ana. Chtm. Pharm. 
*3cuTi. 85. 

* HsbmntHili, Mtnu<lrb. Oum. y. S29. 
' idmrt anii Monwliw. Jiihraber. 1878, ISO. 
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clilorio acid (Levy and Schultz). It is much more readily 
soluble in bot water than in cold, and crystallizes in very long 
needlea, or short, thick prisms, melting at 164°. 

fi-DvJiloToqninol (CI ; C'l = 2 : G), is obtained by reducing 
^-dichloroquinonc. It cryatallizea from dilute alcohol in small 
yellow plates, melting at 157°^lo8°.' 

TrichloToquinol, QfB.C\{OK\, is formed by the action of 
sulphurous acid on trichloroquinone,* and, togetlier with tri- 
chloroquinono and other products, when benzene is treated with 
potassium chlorate and dilute sulphuric acid.' It is slightly 
soluble in water, readily in alcohol, and crystallizes in prisms 
melting at 134°. 

Tetrackloroquincl, CbC1,(0H)5, is obtained by the reduction of 
tetrachloroquinone (Stiideler, Grtibe). It forms plates which 
are insoluble in water, but which readily dissolve in alcohol and 
alkalis, and reduce silver solution, On heating in a current of 
air it sublimes in long flat needles, with partial decomposition. 

Its dimethyl ether, CoCl/OCHj);, is formed by treating a 
Rolution of quinol dimethyl ether in acetic acid with chlorine. 
It crystallizes in needles, wliich melt at 153°— 154°,and sublime 
without decomposition.* 



BROMINE SUBSTITUTION PRODUCTS OF 
QUINOL. 

999 These are fi^nnt'd in a similar way to the correspond- 
ing chlorine substitution products, but can also be obtained 
by the direct bromination of quinoL 

Sromcqiiinol, CgHjEr(0H)3, is obtained by the combination of 
quinone and hydrobromic ftcid,' as well as by acting upon an 
ethereal solution of quinol with a solution of bromine in 
chloroform.'' It is very readily soluble in water, and crystallizes 
from petroleum spirit in lustrous silky plates, melting at 110° 
—111°. 

Dibronwquinol, CflHjBrj(OH)j, is obtained by the action of 
bromine on a warm solution of quinol in acetic acid,' and is also 

' Fttoat, Ami, CKem. fharm, Sappl. vi. 164. 

' Sladffler, Orihe, ibid, cxlvi, 2S ; Stcnhouso, Jauni. Chem. Soc. ixi. H8. 
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* HaburmanD, ibid, xl 1036. ' Wklielhaus, ibid. lii. JBOi. 
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' Benedikt, Moaaltb. Ohm. L S45. 
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fonned when quinone (Wichelhaus) or brnmoquinone (Sarauw) 
ia heated with hydrobromic acid. It is scarcely soluble in cold 
water, and crystallizea from a boiling solution in long needles 
melting at 186°. By mixing solutions of bromine and quinone 
in chloroform, a compound isomeric witli dibromoquinol is 
obtained, which crystallizes from petroleum spirit in anlphur- 
colonred needles melting at 8G° — 87° ; on heating with water it 
quickly decomposes, hydrobromic acid and bromine being formed, 
hut on standing it is gradually converted into dibromoquinol 
(Sarauw). This peculiar addition product Las probably the 

following constitution, CgH^Br j ^^.g 

TrOfTomoqiiinol, C„HBrj(OH)j, is formed by the action of 
hydrobromic acid on dibromoquinol, as well as by that of 
bromine on quinol or quinone (Sarauw). 

CeH.O, + 2Br, = CgHaBrjO, + HBr. 

It is very slightly soluble in cfjld water, readily in hot, and 
ciystaUizea in silky needles melting at 136". 

Tetrabromoquinol, C,Br^(OH)j, is obtained by the action of 
sulphurous acid on tetrabromoquinone,' or by treating it with 
bydriodic acid and pbospborus.' It is further obtained by the 
combination of tribromoquinol with hydrobromic acid, and by 
the action of bromine on a solution of quinol in acetic acid 
(Sarauw). 



NITRO-SUBSTITUTION PRODUCTS OF QUINOL. 

1000 Nitroqtiinol, CoHg(NOj)(OH)2, ia not known in the free 
state ; but several of its ethers have been obtained by the 
action of nitric acid on quinol ether. 

IfeltiDg 

Point. 

Monomethylether,C,H,(NO^(OCH3)OH. { °^\"S^'"^ } 83" 
Dimethyl ether. CaH3CN0g)(0CHj)„ golden yellow needles 71 5' 
Monoethyl ether,C,l4(NOJ(OCjHJOH.deepyeIlow'needles 83° 
Diethyl ether, C,Hj(NOj)(OCjHJj, golden yellow needles iO" 
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DinUroquinol, 2CuHjCN0J,C0H}, + 3H,0. was obtained by 
Strecker by boiling dinitro-arbutin with dilute sulphuric acid.> 
and by Nietzki by treating the diacetate, described below, witli 
cold caustic soda.* It crystallizes from hot water in fine flat 
needles having a golden lustre, which lose water of crystal- 
lization at 100° with disintegration, and then turn brown and 
melt at 135° — 136°. It colours the skin a carmine red. Its 
yellow solution is coloured first blood-red, and then bluish- 
violet by the gradual addition of an alkali. Its amnioniacal 
solution ia coloured purple-red on boiling, leaving inctallic-green 
crystals on evaporation. 

Its ethers are obtained similarly to those of nitroquinone.' 



Monomethyl elher, C.H,(NOJ,COCH0OH, | P'™^!,' \ ^^^ 

Dimrthjl ether, C.H,(NOJ,(OCH.), | J«^'™ | I69--170' 

( brownish ^ 
Monoethyl ether, CBH,(NO,)j(OCiHi)OH,-^ yellow I 71" 

\ needles ) 
a-Diethyl ether) f, „ ,-»tn ^ /nn -a \ i lemon yellowplates 176° 
^-Diethyl ether} *^<'^«(^°*J»<^'='*"*'M ,. ,. ., 130' 

DvxcttodinUroquinol, C|jHj(NO,)j(OCjHgO)2, is obtained by 
dissolving quiuol diacetate in fiuning nitric acid,' and crystallizes 
from alcohol in sulphur-coloured needles melting at 96°. 

TriniiToquivol, CaH(N0j)g(0H)2.— The dimethyl ether of this 
aubatance is obtained by adding a solution of quinol dimethyl 
ether in acetic acid to a well-cooled mixture of nitric and 
sulphuric acida ; it crystallizes from alcohol in long, yellow 
needles which melt at 100° — 101' (Habermann). 

The diethyl ether is obtained by the nitration of both the di- 
nitroquinol diethyl ethers, and forms long, straw-coloured needles 
melting at 133° (Nietzki). 

' Ann. Chem. Pharm. Soppl. civiii. 293. 

* Ber. Deultch. Chem. Ga. iL 470. 

* WoMliky Bud BcDadikt, Mmaltb. Chem. ii. SflS ; Mflhlheimor, Lubig't Ann, 
307, 2fi3; Habermnuu, Ber. Ikvinch. Chem, Get. li. 1037; Nietild, iltid. xL 
1448 ; lii. SB ; Luhig't Ann. 21 B, 125. 

* Kietilti, Bur. Dmi*A. Chen. Qa. iL 470. 



QUINONE, OR BENZOQUINONE, C^Ufi^. 

lOOl Woskreaensky obtained this body by oxidiziiig quinic 
acid with manganese dioxiile aod sulphuric acid, and named 
it (juinoyt,' a name which was changed by Berzeliua to that 
now used. It is also olitained by the oxidation of quercltol, 
C,H;(OH)j, (vile p. 193),* caffetannic acid, the extract of coffee- 
beans, the leaves of the coffee shrub, the holly, and other 
plants,* as weUaasevemlparaHlisubstitutionproducts of benzene, 
such as paradiamidobenzenc,* paramidophenol,' par amid obenzene- 
sulphonic acid (sulphaiulic acid)," jihenolparasulphouic acid,^ &c. 
It is also formed by the oxidation of aniline (Hofmann), in 
which way it is beat obtained, The method of preparation is 
the same as that describetl under quinol, but another part of 
potassium bichromate is added to the brown solution, and the 
whole heated for some hours to about 35°. The cooled solution 
is then extracted with ether, which on evaporation yields the 
quinone in golden-yellow plates.' It can also be obtained by 
the direct oxidation of benzene. When 4 parts of this are 
gently heated with 1 part of chromium oxychloride, C'rOgCly 
hydrochloric acid gas is evolved, and a brown precipitate separates 
oat, which probably has the formula, CaHj(OCrOCl)j. since it is 
decomposed by water into chromium trtoxide, hydrochloric acid, 
and quinone, which remains dissolved in the excess of benzene.^ 

Wcihler, who firet closely examined the quinone prepared from 
quinic acid, describes it as follows : '• " There are probably few 
substances which have so great a power of crj'Stallization as 
this. When even small quantities of it are sublimed, cr^^tals 
are obtained an inch in length. After being melted it soHdifies 
to a crystalline mass. It dissolves in quantity in boiling water 
with a reddish-yellow colour, and, when this solution is cooled, 
crystallizes out in long but less transparent prisms, which are 



> jInn. dftn. Pharm. xivii. JflS. 

* Vraiiwi, Cvmi*. Hend.'lxixn. 1113. 

* SlimllDUaa, Mem. Chirm. Soc. H. 226 ; Ixxx'ix. Hi. 
*HorniAiUi, Jnhrah. ISOS, i\i. 

'KuniBr, KekuU'a Org. Chem. iii. 103; Andreaen, Jimrx 
xiiii. 173. 

* AJor and Meyer, An*. Chem. Fham, cliit. 7. 
'Si-lireder, Btr. JkulxK Chan. Ga. viil 760. 
■KioUki, a>id. n. 19S4. 

•Eurd, ^Bi.. Chim. PHy. IS], iiii. 270. 
*A%n. Chem. Pkarm. IL 118 ; IxT. 319. 
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somewhat darker and of a less beautiful yellow than thoae 
obtained by sublimation." 

" Its solution stains tbe skin permanently brown. It is so 
volatile, that, even at tbe ordinary temperature, it subUmes 
from one side of the vessel to the other. Its strong odour, 
which irritates both the eyes and nose, causes an after-effect 
similar to that produced by iodine or chloriue." 

Quinone is readily soluble in hot alcohol and petroleum spirit, 
crystallizing from the latter in beautiful yellow prisms,^ which 
melt at 1157°.^ Hofmarm found its vapour density to be 3'72- 
3'79, by means of which determination its then somewhat 
doubtful molecular weight was confirmed.* Its alkaline solution 
quickly turns dark brown, and its aqueous solution a dark 
yellowish-red in the air, and the latter deposits a blackish- 
brown substance (Wiihler). In presence of sodium acetate 
this decomposition takes place more rapidly, particularly on 
warming, the acetate, however, remaining unchanged. At the 
same time a certain quantity of quinol is obtained, which can 
be isolated by extracting with ether.* That it is easily converted 
into the latt«r substance by reducing agents has been already 
stated. It acts therefore as a strong oxidizing agent, and 
decomposes hydriodic acid with separation of iodine. It is 
not poisonous, in spite of its strong smell and its action on 
the living akin ; 0'5 and even 1 grm. given to a dctg produced 
no effect. It could not be found in the urine, and what bad 
become of it could not be ascertained.* 

To detect quinone dissolved in water, a few drops of a saturated 
solution of hydrocaerolignone, CijH,(OCHg),(OH)j, are added. 
The solution immediately turns a yellowish-red, and then, with 
a further colouration, deposits steel-blue, iridescent needles of 
caerolignin, C,jH,(OCHJjO,. In this way 1 part of quinone in 
200,000 parts of water can be detected. In more dilute solu- 
tions the separation of crystals does not take place, but tbe 
colouration is still produced by 1 part of quinone in 1,000,000 
parts of water.* 

Dihydroxif quinone, C^^{OK)fi^, is not known ; its dimethyl 
ether, CgIl2(OCH,)30j, is obtained by oxidation of the dimethyl 
ethers of propylpyrogallol and acetopyrogallol {vide posl). It 

' H«Mie. Ajih. Chrm. Pharm. cc. E*0, ' Heup, ibid. cxi». 800. 

» /J..'r, DruHKh. Chan. Get. iii- 583. * Hosse, Licbi^t Ann. ccix. 365, 

' Wohler and Frprichii, Aifn. Chem. Pharm. Ixv. 3*3. 

* LiBlHrnuum, Ber. DeuUA. Chem. 6a. x, 1615, 
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crystallizes in yellow needlea, and ia converted by reductiou 
into tctrahydroxybenzene ilimethyl ether, CyH,(0CH5)^(0H)j, 
which forms colourless needles melting at 160°. Equal mole- 
cules of the two ethers form a compound, which crystallizes 
in beautiful red needles^ (see Quinhyjrone). 

Trihjfdroxijguin&ne, CgH(OH),0,, is obtained when the hydro- 
chloride of amidodi-imidoresorciuol ia heated with hydrochloric 
acid to 140°— 150°, 

C'„H(XHj)(OH)j(NH)j + 3H,0 = C«H(OH)j,0, + 3NH,. 

It forms dark, brass-coloured scales, or an amorphous, almost 
black powder insoluble in water, scarcely soluble in ether, and 
slightly soluble iu boiling alcohol It dissolves in alkalis, form- 
ing a brown solution, which is precipitated by metallic salts. 
Thus, by addition of silver nitrate to its alcoholic solution, the 
silver salt, C,H{AgO)305, is obtained as a blackiah-brown pre- 
cipitate, which on drying becomes almost black with a shade of 
green, and by reflected light exhibits a yellow metallic lustre. 
Acetyl chloride forms the triacetate, CflH[OCjHjO)30j, which 
ciyBtaUizes from glacial acetic acid in dark, ill-deliiied scales.' 



CHLORINE SUBSTITUTION PRODUCTS OF 
QUINONE. 

I002 MonochloroqitiTwnc, CgHjClOj, is obtained by distilling 
a salt of qninic acid with common salt, manganese dioxide and 
dilute sulphuric acid,' as well as by oxidizing chloroqiiinol with an 
ice-cold solution of potassium bichromate in dilute sulphurio 
acid.* It is readily soluble in water, alcohol, and ether, and 
forms yellowish-red rhombic crystals, smelling like quinoue, 
melting at 57', and volatilizing at the ordinary temperature. 

Paradiekhroguinone, CeHjC1.0,(Cl : CI = 2 : 5), was obtained 
by Stadeler, together with the preceiling compound ; Carius 
prepared it by the action of chlorous acid on benzene.' It is 
also obtained when a-dichloroquinol is oxidized with dilute 
nitric acid, or paradichloraniline with a solution of chromic acid 
(Levy and Schultz), and crj-stallizes in dark yellow, monoclinic 
tables melting at 150°. It is volatile in steam, insoluble in 

' Hofmuiii, Ber. DeiUtrli. Clwm. Oa. i 

* Hen uid Zelter, iMd. lii. 20*3. 

* Xitrj ind Scbnltz, iind, eci. 144. 
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I cold alcohol, but readily iu boiling 



water, scarcely soluble i 
alcohol. 

JHetadickloToquinone (CI : CI = 2 : 6) is obtained by the 
action of cold fuming nitric acid on trichlorophenol,* or by 
passing nitrogen trioxide through its aqueous solution.* It is 
slightly solublo in water and cold alcohol, and crystallizes from 
boiling alcohol or petroleum spirit iu large rhombic straw- 
coloured prisms, melting at 120°, and subbniing readily. It is 
also obtained by the oxidation of mctadichloroparadtamido- 

Trichloroipiinont, CgHCLjO^.^Woskresensky, by the action of 
chlorine on quinone, obtained a compound of this composition, 
which he named chloroquinoyl, but according to his statement, 
which is supported by the experience since gained concerning 
chlorinated quinones, this was a mixture. Trichloroquinone 
was first obtained pure, together with tetraclitoroquinone and the 

■ above-mentioned compound, by Stikleler, by the chlorination of 
quinic acid. By the action of hydrochloric acid and potassium 
chlorate on many aromatic substances, a mixture of trichloro- 
quinone and tetrachloroquinoiie is obtained, as has been shown 
by Griibe,* whereas it was formerly believed that only the 
latter compound is produced. 

In order to prepare trichloroquinone, Griibe's process modified 
by Knapp and Schiiltz is employed.* 1 part of phenol is dis- 
solved in on equal weight of sulphuric acid at 100°. The 
phenolsulphonic acid thus obtained is brought into a hot 
aqueous solution of 4 parts of potassium chlorate, and an excess 
of crude hydrochloric acid added. An energetic reaction soon 
commences, which is finished after standing twenty-four hours 
by passing in steam. The mixture of trichloroquinone and 
tetrachloroquinone is washed with hot water and cold alcohol, 
then suspended in water and the liquid saturated with sulphur 
dioxide, and allowed to stand until the crystals have become 
colourless. Boiling water then only extracts trichloro- 
quinol, while tetrachloroquiuol remains behind. By the addition 
of fuming nitric acid to the hot solution of the former, 

■ trichloroquinone separates out According to Stenhouse, it is 
better to dissolve in hot water containing sul}diuric acid and 



* Ann. Chtm. Pharm. cxlvi. 



* Ibid, coi, 17*. 
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add potassinm bichromate to it.' The trie hloroquiii one istkea 
purified by recrj'stallization from alcohol. 

It ia also obtained by the action of chromium oxychloride on 
benzene. - 

+CrO,CI, + C,Ho = CgHClp. + aCrpj + 5HC1. 

It is further obtained, together with tetrachloroquinone, when 
bleaching powder is iidded to a boiling solution of paromido- 
pbeQol * in hydrochloric acid, or by dccomposmg trichloramido- 
phenol with bromine water.* It crystallizes in large yellow 
plates melting at 165° — 166°. It is insoluble in cold water, 
slightly soluble in cold, and readily in hot alcohol. 

1003 TttTiickloToquinoni: or CMoranil, CyCl^Og.^ — Erdmann first 
obtained this compound by passing chlorine through an alcoholic 
solution of chlorisatin, and termed it cJUoranil? a name which is 
atill employed. Fritzsche obtained it by the action of hydro- 
chloric acid and potassium chlorate on aniline," and Hofmann, 
from phenol, quinone, chloraniline, salicylic acid, ealicyl aldehyde, 
isatin, &.c? It has since been frequently observed as a final 
product of the action of the above reagents on aromatic bodies. 
That the substance thus obtained always contains trichloro- 
(luinone has already been stated. It is also obtained when 
Bymmetrical tetrachlorobenzene is oxidized with concentrated 
nitric acid, but is not formed from the isomeridcs of this com- 
pound.* Perchlorophenol is similarly converted into chloranil.* 

Its preparation from phenol has been already described ; it is 
isolated as tetrachloroquinol, and this is oxidized by nitric acid, 
and repeatedly extracted with boihng alcohol, in order to remove 
any admixed trichloroqninone. If it be required to convert the 
trichloroquinone, formed at the same time, into chloranil, the 
Eotution must be boiled for a long time with concentrated hydro- 
chloric acid, and the tetrachloroquinol so obtained, oxidized 
with fuming nitric acid (Knapp and Schultz). 

The mixture obtained by the action of hydrochloric acid and 
potassium chlorate on phenol can, according to Stenhouse, also 



' Jaunt. Chan. Soe. kj.\. H9. 

• CaraUiijcn, Ber. Dn-tsch. Vlum. Gm. ii, 633. 

> SohmitC and AodttaeD, Juum. Prakt. CKfiii. [S], xi 

• Ibid. xiU. iSi. 

• Ann. Chtm. PhaTm. x\ii\i. 309. 

• Nnut Handaenerbueh. ii. 581. 
' Ann. Chem. Fhtrm. lii. 67- 

■ BvilsteiD ati'l Kni'biitaiv. ibid, cxcii. 206. 

• Uun uii] Wnith, Srr. DcutKh. Chan. Oct. v. 480. 
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be converted into chlorauii by dissolwing it in an equal weight 
of water, adding half its weight of iodine, and passing in 
chlorine, until it la only slowly absorbed ; the chlomnii formed is 
then distilled off. 

Chloranil is employed in the colour industry, and is obtained 
on the large scale as stated above, or by the oxidation of tri- 
cblorophenol with potassium bichromate and sulphuric acid, 

Chloranil is iuaoluble in water, very slightly soluble ia cold, 
only slightly in boiling alcohol, and somewhat more easily in 
ether. It crystallizes in small gold-coloured plates, or from 
boiling benzene in light-yellow, transparent prisms ; ^ it begins 
to vapourize at 150° and sublimes rapidly at 210°. It melU at 
a high temperature and boils with partial decomposition. It is 
not attacked by concentrated sulphuric acid, nitric acid, or 
aqua regia, and this explains why it is so frequently obtained aa 
a final product of the action of oxidizing and chlorinating agents 
on a hu^e number of bodies. By heating it with phosphorous 
pentachloride to 180°, hexchlorobenzene is obtained (Griibe) : 

C„C!,Oj + 2PCIs = CoCl, + 2P0CIj + CI,, 

By heating with acetyl chloride to 160° — 180° it is converted 
into di-acetotetrachloroquinol : 

CflCl.Oj + 2C\B.fiC\ = CaCl^(OC,HsO), + Cl^. 
It has already been stated, that reducing agents convert it 
into tetrachloroquinol ; this also takes place ou boiling with 
concentrated hydrochloric acid, or still more readily with hydro- 
hromic acid : * 

C^Cl.O, + 2HBr = C,C1,(0H), + Br,. 

By adding chloranil to a dilute solution of acid potassium 
sulphite, the potassium salt of dichloroquinoidisulphouic acid is 
formed ; ' 
CBa«Og+3S03£H+H^O-CBCl3(OH),(SOj,K),+ 2HCl+SO,KH. 

This crystallizes in colourless tables. The free acid is only 
known in aqueous solution. It, and the solutions of its salts, 
are coloured indigo-blue by ferric chloride. 



. 1130: 8anuw, Lidiig'i 
'. 324 ; GteiiT, JaKrab. ISSS, 303. 
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On treating chlorani! with a concentrated soltition of acid, or 
better, nonnai |Kittiasium sulphite, the potaaaium salt of thio- 
chronic acid is the chiuf product, the preceding compound beiug 
abo formed : * 

CeCl,0,4 SSOjKj+HjO = C,(0HXS0.K)(S0JK),+4KC1^-K0H. 
It crystallizes from hot water in yellow rhombic prisms con- 
taining 4 molecules of water, and it« solution ia coloured a deep 
brownish red by ferric chloride. The free acid is only known in 
aqueous solution, and decomposes when this is gently hL'ated. 

On heating the potassium salt with water to 130° — 140°, 
potassium quinoldisulphonate, CgH3(OH)j(S03K)j + 4H,0, 
is obtained, together with acid potassium sulphate. The free i 
acid crystallizes in thick tablets, deliquesces in the air, and ia 
coloured blue by i'erric chloride (Grdbe). 

Hesse obtained an acid isomeric with the above by the 
action of fuming sulphuric acid on quinic acid. It forms a 
syrup which readily dissolves in water ; its salts are coloured 
deep blue by ferric chloride.* 

1004 Ckloranilic Add or I>icklorodihifdroxyquiiiojie, CgClj 
(0H),O, + HjO. Erdmann obtained the potassium salt by 
dissolving chloranil in dilute caustic potash : 

C'oCl.Oa + 4K0H = CbC1j(0K),0, + 2KC1 + 4H,0, 
Grabe obtained it aa follows from trichloroquinoue : 
2CoHCl30j+3KOH=CflClj(OK)p^+CaHCL,(OH),+KCl+H,0. 

In order to prepare chloranilic acid, 5 parts of chloranil are 
moistened with alcohol, and a cold solution of 6 parts of caustic 
potash in 100 parts of water added. When the chloraiul is 
completely dissolved, the potassium salt thus formed is pre- 
cipitated by the addition of 10 to 15 parts of common salt. 
The precipitate is redissolved in boiling water and repeatedly 
pun6ed by precipitation with common salt. It is then dissolved 
in 100 parts of boiling water, and 10 parts of hydrochloric acid 
are added to precipitate the free chloranilic acid.' It is thus 
obtained in red crystalline grains, or, if it separates out slowly, 
in small, yellowish red, lustrous plates. It loses its water of 
crystallization at 115°, and sublimes, undergoiag considerable 



' HoiM, loe. cil. : Grille, Ann. Ch^m. Pliarn 

* Hcsso, Ann, Ckmn, Fhamt. ex. IfS, 

* StenliauHC, t/mirn. Chnn, Sac. zxitL S. 
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decomposition, at & higher temperature. It dissolves in water 
fonuing a violet-red solution ; on addition of hydrochloric or 
sulphuric acid the golutiou is decolourized, most of the acid 
being precipitated. 

Potasaiuiii chloranilaie, CaCljOj{OK)3 + H^O. crj'staUizea in 
purple prisms or needles, readily soluble in hot water, less so in 
cold, and still less in water containing free alkali or common 
salt. On wanning it with phosphoma pentachloridcj chloranil 
is formed.' 

Sodium chloTaniiate, CoCljOg{ONa)j + 4HjO, forms dark 
carmine-red needles. Like the potassium salt, it dissolves in 
water with an intense violet colour, and detonates on heating. 

The ammonium salt resembles the potassium salt ; the barium 
salt is a rust-coloured, and the silver salt a reddish brown 
precipitate. 

Mhyl chloranilalc, Cfiifi^C^C^U^)^, is obtained by the action 
of ethyl iodide on the silver salt, and crystallizes from alcohol 
in light red, flat prisms, melting at 107" (Stenhouse). 

Sydroehlaranilic acid or dickloToietTahydroxyh(n:a-ne, C„Clj 
(OH)j, is obtained when chloranilic acid is heated to 100° in 
6. sealed tube, with a concentrated solution of sulphurous acid 
(Koch, Grabe). On cooling, it separates out in long needles. 
In the moist state and in alkaline solution it absorbs oxygen, 
forming chloranilic acid. 

When chloranilic acid is treated with only a small quantity of 
sulphurous acid, the compound, C„Clj(OH),Oj -l- CgCl,(OH),, is 
obtained, which crystallizes in fine, black needles, and belongs to 
the class of the quiuhydrones. 



BROMINE AND IODINE SUBSTITUTION 
PRODUCTS OF QUINONE. 

HdUDg 



Monobromoquinone,* CflH^BrOj, yellow tables or needles 53°- 
a-Dibromoquinoue,^ CgHjEr^Oj, \ Id nl te f 
j8-Dibrorooqninone.* CgHjBrjO,, lustrous yellow plates 
J" yellow fibrous 1 
" ( cryatalsorneedles j 



7-Dibromoquinone,' C^HjEr^Oj, 



' Koch, Zcittckr. Chem^ 18fl8. 302. 

' Saurow, lielngi Ann. cdx. 102, 106. 

■ Saurow ; Benixlikt, Monatah. Chtm. L 

• Uvjr und SchulU. Lirbig't Ann. ccs. 1 

* Bohaier, Joum, PrakL Vhdm. (2) irir, 
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Melting 
Point. 

Tribromoquinone,^ C^HBrjO^, lustrous golden plates 14T* 

{golden rhombic ^ 
plates or thick > — 

tablets j 

{reddish scales 
with a metallic 
lustre 

Melting Point. 

Di-iodoquinone,^ C^HglgOg, small golden plates 177° — 179** 



NITRO-SUBSTITUTION PRODUCTS OF 

QUINONE. 

1005 NUroqidrume, C^HgCNOj)©^. — Chromium oxychloride 
acts on nitrobenzene just as on benzene (p. 155), the body, 
C5H3(N02)(OCrOCl)2, which is decomposed by water, being 
obtained : 

CeH3(N02)(OCrOCl)2 + nfi = CeHjCNOg)©^ + Cr^Oj 

+ 2HCL 

The product is shaken with dilute caustic soda, filtered, 
and the nitroquinone precipitated from the filtrate by hydro- 
chloric acid. It forms small yellowish brown plates which melt 
at 232°, and are tolerably soluble in hot water and readily in 
alcohol.* 

a-Diniirodihydroxyquinone or Nitranilic acid^G^{0T3)j^0^jd2i 
is obtained by passing nitrogen trioxide into an ethereal solution 
of quinol kept cool by ice, or better when diacetylquinol is 
added to a well-cooled mixture of concentrated sulphuric and 
nitric acids.^ 

Nitranilic acid is insoluble in ether and alcohol, but readily 
soluble in water, from which it crystallizes in long, golden- 
yellow prisms containing water, which is given off at 
100**; the anhydrous acid detonates at about 170**. It 

* Saarow, loc, cit, 

' Stenhouse, Ann. Chem. Phnrm, xci. 307 ; J(Mm. Chan. Soc. xxiii.lO ; Saurow. 
' Stenhouse ; Saurow, loc. cit, 

* Seifert, Joum. Prakt. Chem. (2), xxviii. 437. 

• Etard, Ann. Chim. Phys. (5), xxiL 272. 

• Nietflki, Bcr. ThtUscK Chem, Gea. x. 2147 ; xl 1170 ; xvi. 2092 ; Nietzski 
tnd Benckiser, xviiL 499. 
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tastea acid and astricgeat like iron, and forma salta which 
crystallize well. 

Potassium nitraniUUe, Cg(0K)j(N0j),0j. is very gUghtly 
soluble in cold water, and crystallizes from liot water in ligbt 
yellow needles with a blue surface lustre, which detonate 
violently on heating. 

^-DinilrodUiydroxyquinime is obtained in small quantity, to- 
gether with other bodies, when nitrogen trioxide is passed through 
an ethereal solution of pjTocatechuic acid, CoHjCOH^^COjH, kept 
cool by ice. It is readily soluble in water, and slightly in ether ; 
it crystallizes in greenish yellow needles, and is a veiy unstable 
substance. Its sodium salt is slightly soliihle in cold water, 
more readily in hot, and forms brass-coloured spangles with a 
metallic lustre, which detonate violently on heating.' 



QUINHYDRONES. 

Qtdnhydronf; C,jH,oO, = C.H^O, -\- CaH,(OH)j. 

1006 This compound, which Wohler described as " green 
hydroquinone," is formed by the partial reduction of quinone 
or the cautious oxidation of quinoL He makes the following 
remarks: "In all cases iu which the green compound is 
obtained, it separates out iu the crystalline state, the liquid 
being momentarily coloured a deep red, and then suddenly 
becoming full of the most beautiful green metallic prisms, 
which, even with small quantities, are frequently an iuch 
in length." 

"It is most readily obtained by adding ferric chloride to a 
solution of the colourless hydroquinone." 

" It is prepared from qtiinone by mixing a saturated solution 
with sulphurous acid, which, in order to obtain large crystals, 
must be added all at once, but only in such quantity that some 
quinone still remains unchanged ; otherwise the action will 
proceed further with formation of the colourless hydroquinone." 

" The most remarkable method of formation of green hydro- 
quinone is by the mutual action of the colourless compound and 
quinone; when their solutions are mixed, they instantaneously 
combine forming the green crystals, no other compound being 
produced." " Green hydroquinone is one of the most beautiful 

■ Gnibor, Ber. Jkutteh. Chem. Qtt. xiL fil4. 
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substances whicli organic chemistry liaa produced. It ia very 
similar to murexide, but excels it in lustre and beauty of colour. 
In thia respect it bears tlie greatest resemblance to tlie metallic 
grcon of the rose-chafer, or of tlie feathers of the humming- 
bird. The crystals are generally very tine, and often very long. 
Under a high magnifying power the finer ones are seen to be 
transpnrent showing a reddish-brown colour. It has a sharp 
laste aud a weak quinone-like odour ; it readily fuses to a brown 
liquid, and at the same time a portion of it sublimes in small 
green plates, while another portion decomposes with formation of 
(juinone. which sublimes in its characteristic yellow crystab. It 
is slightly Bolublo in cold water, while it dissolves in greater 
quantity in hot water forming a brownish red solution, from wliich 
it again cr)'3tallizes out on cooling. The green bydroquinone 
is readily soluble in alcohol and ether with a yellow colour; 
on evaporation it retains its green metallic lustre, and, in the 
crystalline condition, presents, especially on white porcelain, a 
very striking and beautiful appearance." 

It crystallizes from hot glacial acetic acid in greenish black 
tablets or prisma (Hesse), 

Quinhydrone is a compound consisting of equal molecules of 
qtiinnne and quinol. On boiling with water it is decomposed 
into its constituents, quinonc volatilizing and qiiiuol remaining 
behind. Oxidizing agents convert it into the first and reducing 
agents into the second. " It dissolves in ammonia with a deep 
green colour, which in presence of air immediately changes 
into a dark, brownish red. On evaporation it remains behind 
as a brown, amorphous mass " (Wiihler). 

QidfiAydroTie dimethifl Hhcr.C^^K-^fi^{QB.^,!=Cgn^O^+^G^n^ 
(OCHjjOH, ia formed by the combination of quinone with quinol 
methyl ether,' when the solutions of these in hot petroleum 
spirit are mixed.* On cooling, the compound separates out in 
beautiful greenish black prisms with a metallic lustre, which 
become reddish brown in the light. The ether dissolves ia 
vfarm water with decomposition, and on reduction with sul- 
phurous acid, gives two molecules offjuiuol methyl ether for 
each molecule of quinol. 

1007 Chlorine substUulion prodiicU nf gninJtydrone are not \ 
formed by the combination of a chlorinated quinol with quinone, 



' Wichelbtttw. Bit. Dmi^h. Chem. On. 
> ^'ieUki, BtT. DcMacK, Chtm. Qa. xii 



1501 ; ireBso, Liebig'a Ann. c 
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nor of a chlorinated iiuinone with quinol, quinhydronu being 
always formed when these are brought together,' 

C«H,0, f 2C0H5CIO, = Ci^„0« + CflH.CIjO,. 

C^HjClO, + SC'aHgO, = CjjHjoO. + CaHjCIOj. 

2C0H.O, + CoH,Ol.Os = CijH,oO, + C^HjCUOj. 
Chlorinated qiiinoucs, on the contrary, combine with chlori- 
nated quinols. 

DvJdoroq^uinhydrone or h-ovm chloroquinol^ C,jHgCljO^, was 
obtained by Wohler by the oxidation of chloroquinol with ferric 
chloride. It is also obtained by the combination of chloro- 
qninone with cliloroquinol, and is the first product of the action 
of hydrochloric acid on quinone (Stadeler). It separates out at 
first as an oil and solidifies after some time to a greenish brown 
crystalline mass which, when lef^ in a glass tube, sublimes in 
6ue, long, brown needles, which stain the skin a dark purple- 
red colour. 

TetTachloroijuhih-ydrone or violet hichloroquhiol, C^jIIgCl^O^ + 
2HjO, is obtained by warming di chloroquinol with a solution of 
dichloroquinone, as well as by the oxidation of the former with 
ferric chloride (Stiideler), It crystallizes in small violet prisms, 
or long, flat, dark green needles, which lose their water of 
crystallization over sulphuric acid, or at 70°. At 120° they 
melt and decompose into their constituent-s. It is insoluble in 
water, and dissolves in alcohol forming a yellow solution, whilst 
its solution in ammonia is green. 

SexchloToquinhydroTie or yellow trichloroqninol, CijHjClgO^, is 
formed, according to Woskresensky, by passing chlorine over 
quinone, or by the oxidation of trichloroquinol (Sliideler).' It 
crystallizes iti small, yellow, lustrous plates, which are slightly 
soluble in boiling water and more readily in boiling alcohol. 
It melts and sublimes a few degrees above 100°, and possesses 
a penetrating aromatic odour. 

By the action of an insufficient quantity of cold nitric acid 
on trichloroquinol, Onibe obtained long, black needles, which he 
considered to be hexchloroquinhydrone, but which are moro 
probably a hydrate of this. 

Rfwrcinolquinone, C^M^oO^ = Q^fi^ + CgH/OH)^, is iso- 
meric with quinhydrone, and is obtained by dissolving equal 
molecules of resorcinol and quinone in warm benzene. It forms 
almost black needles, which in transmitted light nppi'ar of a 
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garnet-red colour, and have a green surface lustre. They melt 
at 90** and are readily soluble in water and alcohol.^ 

Fhenoquinone, CjgHj^O^ = CgH^O^ + SCgH^.OH, was first 
obtained by Wichelhaus by the oxidation of phenol in aqueous 
solution ; it is also obtained by the direct combination of quinone 
with phenol/ when the solutions of these in hot. petroleum ether 
are mixed.' It crystallizes in splendid red needles, tlie broad 
faces of which show a green lustre. They have a slightly sharp 
smell, melt at 7l^ and are very volatile. Phenoquinone is soluble 
in cold water, but more readily in alcohol and ether, as well as 
in petroleum spirit, by means of which it may be separated from 
quinone and quinhydrone. It is split up by alkalis or acids into 
quinone and phenol. On the addition of potash the red needles 
become blue, and with baryta or ammonia, green. 

1008 Constitution of tht QuinhydroTUS, — Various views have 
been advanced concerning the constitution of these compounds, 
which are formed by the direct combination of phenols with 
quinone. Quinhydrone was first looked upon as a compound 
of equal molecules of quinone and quinol, and Grabe gave the 
following constitutional formula : ^ 

/OH 

Wichelhaus opposed this view ; he explains the formation of 
phenoquinone according to the following equation : 

C«H/ > + 2HO.C„H5 = C,H / + II,. 

^0/ \O.OC«H, 

Quinhydrone and its methyl ether are formed in a similar 
manner : 

/Ov .O.O.C.H,.OH 

C,h/ > + 2HO.CoH,.OH = C Jl/ + H,. 



[,<; > + 2HO.CoH,.OH = CJI / 
^0^ ^O.O.C^H,. 



OH 



* Nietzki, Ber, Dmtsch. Chem, Ges, xiL 1982. 

• Wichelhaus. Ber, Deiitsch. Chem. Oes, v. 248, 846. 

' Nietzki, ibid. xii. 1981; Hesse, Liehig'a Ann, cc. 251. 
^ Ann, Chem, Pharm, cxlvi. 61. 
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The hydrogen formed acts as a reducing agent, changmg, for 
example, a portion of the quinone into quinol.^ Liebermann, 
however, showed by quantitative researches that quinone is a 
compound of equal molecules of its constituents ; ^ Nietzki then 
found that quinone can be volumetrically determined by sul- 
phurous acid and iodine solution. He thus obtained the formula, 
CwHioO^ = CeH^Og + CgH^g for quinhydrone,* and CigHi^O^ = 
C^H^Oj + 2C^H^0 for phenoquinone.* He also found that if 
phenol and quinone are dissolved in the correct proportions in 
petroleum spirit, they combine completely to form phenoquinone, 
an observation which was also made by Hesse. The latter 
found a further proof of the accuracy of the old formula for 
quinhydrone in the fact that when it is heated ^ith acetic 
anhydride, quinone is set free, and 85 to 87 per cent, of diaceto- 
(juinol is formed, instead of the theoretical 88'9, while accord- 
ing to the formula of Wichelhaus only 59*5 per cent, should be 
formed. Finally, he proved that quinhydrone dimethyl ether is 
a compound of one molecule of quinone with two molecules of 
quinol methyl ether.* 

It follows, therefore, that one molecule of quinone combines 
with one molecule of a phenol, which contains two hydroxyls, and 
with two molecules of one which contains only one hydroxyl, or 
with their ethers. 

Quinone tctrahydride, C^H^jOj, is obtained by heating succino- 
succinic acid (p. 146), and crystallizes on the gradual evaporation 
of its aqueous solution in short, flat, lustrous prisms, having a 
peculiar, faint odour, and a cooling taste, and melting at 75^ 
Bromine converts it into bromanil : 

CO CO 

^\ ^\ 

Rfi CHj BrC CBr 

J I +6Br2= I II +8HBr 

H,C CH. BrC CBr 

\/ \y 

CO CO 



^ Hesse, Ber. Deutsch, Chan, Ot$. x. 1781, 2005 ; xii. 1500. 

> Ibid, X. 1614 ; 2000, 

» Ibid, X. 2008. 

* Ibid, xii. 1279. 

' Licbig's Ann, cc. 248. 
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1009 T?ie Constitution of Quinone. — It lias already been stated 
that the constitution of quinone is expressed by one of the 
following formulsB (p. 44) : 

C CO 

HO CH HO CH 

HO 6 OH HO CH 

CO 

According to the former, quinone would be a peroxide ; this 
theory, which until lately was universally accepted, explains its 
formation from quinol in a simple manner, as well as the easy 
conversion of the latter into quinone by oxidation. Griibe, who 
first proposed it, has used it, as we have seen, to explain the 
constitution of the quinhydrones. According to the second 
formula quinone would be a ketone-like compound ; in this case 
we should expect that it would combine with four atoms of 
hydrogen to form a body of an alcoholic nature, and that 
phosphorus pentachloride would convert tetrachloroquinone into 
the compound O^Olg, and not into hexchlorobenzene. 

The formation of ^-trichloracetylacrylic acid by the action 
of chlorous acid on quinone (p. 59), as well as the above 
formation of bromanil from succinosuccinic acid, speak for the 
second formula, which is rendered very highly probable by the 
behaviour of quinone towards hydroxylamine. V. Meyer and 
Janny have found that tliis converts aldehydes and ketones 
into oximes, the oxygen of the carbonyl being replaced by 
the divalent radical oximide, N.OH. 

Ethyl Aldehyde. Ethyl Aldoxinie. 

CH, CH3 

I 4 H.N.OH =1 + H,0 

OHO OH = N.OH 

Dimctliylacetone. Dimethyl Acetozime. 

CHj CHj 



CO + ILN.OH = C = N.OH + H.,0 

I I ' 

CHg CH3. 

The diketones which contain two carbonyls in adjacent 
positions thus give di-oximide-compounds. If, however, the 
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carbonyls are not adjacent, only one of them usually enters into 
the reaction. Now quinone behaves exactly in this manaer : 

Qnmoooiime. 

CO CO + HgN.OH= CO C=N.0H+H,O. 

\ch^ch/ \chz=ch/ 

The hydrogen of the hydroxy! group, as in other oxinaes, can 
be replaced by metala and radicals.^ The fact that dimetfayl- 
ketone forms a compound with quinol which corresponds to 
quinhydrone is in favour of the supposition that quinono is a 
ketone. , On the other hand, it must be remarked that quinone 
differs from other diketones, in being a powerful oxidizing ^ent 
like the peroxides. If it bo regarded in this light, the action of 
hydroxy lamine can also be easily explained,* 

.0 

C,H.< I + H,N.OH = CuH / I + H„0 

\o \n.oh 



QUINONOXIMES OR NITRQSOPHENOLS. 

loio ^)Uno7ioxime, CjH^O(NOH). — Baeyer and Caro first 

obtained this compound, together with dimetbylamine, by boiling 
nitrosodimethylaniline with caustic soda.' They found that it may 
also be obtained by treating an aqueous solution of phenol and 

' The researches of Ueycr and his papila, vhich are referred to helow, show 
that not onlr aldehydi-a and kttanes bat also alilDhyda-acids, kctouic acids, and 
kBlona-alcoliols roailQy give oiUDida-componnds, ana further, in doubtTnl cases it 
caa bo delerminDd by means of bydroxylamine whether the compoUDd contains ■ 
sarbonyl group or Dot. The oiimide compounds belonging to tne aromatic greap 
will be dpsuribed iu the seqncl. In the preceding volumes T4iriou9 nitroio-con 
ponndi have Iwoti descrilwd, obtnuu'd by the action of nitrous acid on componndi 
oontuniiifj the group CH,. Among tliese ere nitrosa-mutonic acid, nitroso- 
acdto-icetic ether and the nitroso-acetono obtjiined from it by decomposition. 
Tbeso bodies ar« likewise oximidc-compounds and are now termed isonitroao- 
cnraponndg. On heating these with concentrated hydrochloric acid they yield 
hydroxy lam ine, and they can be prepniud by mesas of this reagent. Thu« 
isonitroaomnlonic Acid, C|N0H)(CO,H)~ may be obtained by the action of 
hydroiylamiiiB on mesoxalio acid, CO(COjH)j. To the iaonilroso-compotmdi 
belong also the nitrolic acidK, while the pwudonitrola and tbo nitrou-ainincs, 
which are formed hy the action of nitrous acid on the ftroups CH or NH, contain 
tha monovalent nulical nitrosyl, NO. These, like all other nitrose-com pounds, 
give Liebermann's reaction with phenol and sulphuric acid, Thiinaction is net 
yielded hy the isoni I roao- com pounds, Cf. Ser. Deuttclt. Clinn. Get. xv. I16i 
11124. 1525, 3778, 2733, 2788, 3076 ; xvi. 107, 170, 177, 183, BOO, 813, 8::! 
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potassium nitrite with acetic acid,' and considered it to bo 
nilrosoplienol, 0(,Hj(NO)OH. Iia exact constitution was proved 
by Goldschraidt, who found that it is formed by the action of 
hydro sylamine on quinone. In order to prepare it in this way. 
the free base must not be used, because it reduces the quinone 
to quinol. The hydrochloride of hydroxylamine does not act in 
this way ; in concentrated solutions, however, it produces such a 
violent reaction that thu moss cumniences to char, and hence dilute 
solutions must be employed. This reaction has already been 
explained ; in the formation of quinone-oximes from phenol and 
nitrous acid, we must asaumo that the former is oxidized to 
quinone and the latter reduced to hydroxy lamino. If we give 
to it the second of the proposed formuliB, thii ruaction may be 
represented by the equation : 



CX-OH 4 ON.OH = 



O 



+ H.O. 



Qoinonoxime is best obtained by the action of uitrosulphonic 
acid on phenol The reagent, which Groves and Stenhouse 
call nitrosyl sulphate, is prepared by warming 200 cc. of 
nitric acid, of speciBc gravity 13, with arsenic trioxide to 70°, 
passing the nitrogen trioxide evolved through an empty flask, 
and then absorbing it in 250 cc. of concentrat*id sulphuric acid. 
Sulphuric acid la then added until the solution contains 15 per 
cent, of nitrogen trioxide. Somewhat more than tho theoretical 
quantity of this is added to a solution of phenol in 30 [»arta of 
water. After twenty minutes the separated ciy-stala must be 
filtered off, because if allowed to stand they are rendered impure 
by a tar-hke mass which is formed,* Quinonoxime crystallizes 
in light brownish green, thin, rhombic tablets, and is more readily 
soluble in hot water than in cold, forming a green solution. On 
rapidly cooling it separates out in small, almost colourless, 
needles, but on slowly cooUng in brownish green plates. It 
dissolves in alkalis forming a brown solution from which it 
separates on the addition of acids as an almost wViite, amorphous 
precipitate. It is also readily soluble in alcohol, ether and 
acetone, forming green solutions. 

In the moist state the crystals rapidly turn brown, and 
hence it is best dried on a porous earthenware plate. Quinon- 
oxime is thus obtained as a yellowish powder (Goldschmidt) ; on 
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heating to 120** — 130** it decomposes with a slight detonation ; 
by dissolving it in phenol and adding a little concentrated 
sulphuric acid, a dark cherry-red solution is obtained, which on 
the addition of water and caustic potash is changed into a 
beautiful blue (p. 176). Hydrochloric acid converts it into 
phlorophcnol. It is oxidized by an alkaline solution of potassium 
ferricyanide, as well as by nitric acid, into paranitrophenol. As 
long as it was suppo^ to be nitrosophenol this reaction was 
very easily explained, but we must now assume that the 
quinonoxime first combines with water, and that the compound 
thus formed is then oxidized : ^ 

/CBfczCHv 
(1) HO.Ni::C<: >C0 + HOa 

^CHz=CH^ 

HOv /CH=CH. 

\N— C^ ^C.OH. 

hq/ ^CH— CH^ 

.OH yO 

(2) CeH,^ \0H + O = CeH / ^O + H^O. 
\0H \0H 

The salts of quinonoxime, which were named nitrosopJcenates, 
have been examined by ter Meer.* 

Potassium quinonoximaie, CQllfi(!^OK), is obtained as a 
beautiful amorphous green precipitate, by mixing an ethereal 
solution of nitrosophenol with alcoholic potash. It is very 
readily soluble in water, and crystallizes from acetone or alcohol 
in thin bluish green tablets ; sometimes it is also obtained in 
red crystals. On heating it detonates. 

Sodium quinonoximate,CQTifi(i!^0'Ns,) + 2H2O, is a vermilion- 
coloured amorphous precipitate, which crystallizes from alcohol 
in beautiful short, red needles, and is readily soluble in water, 
forming a reddish brown solution. 

Silver quinonoxiniate, CgH^OCNOAg) + HgO, is obtained by 
the addition of silver nitrate to a hot, dilute solution of the 
sodium salt, in small, dark violet crystals, which under the 
microscope appear red in transmitted light, and in sunlight show 
a green reflection. 

* Goldsohmidt, Ber, Ikiitseh, Chem, Oes. xTii. 805. 
' Guldacliiuidt, ibid. ix. 622. 
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Quirumoximg tihylcarbonede. CjH^O{N.0.C0.OC,Il5), is formed 
by treating the sodiiua coini>ound in presence of ether with 
I'thyl dilonxrarbonate. It cryBtallizea in gnlden-colourud needlea 
meltiDg at 109', slightly soluble in ether, but readily in alcohol 
and chloroform.' 

joit (2uMion<cWoHmirfe.C5HjO(NCl).wa8 obtained by Schmitt 
and Beniiewitz by the action of bleaching powder on a solution 
uf paramidophenol, CgH^(NH^OH, in hydrochloric acid, and was 
considered to be dichlorazophenol, C,jHgCljNj(OH)j.^ Hirsch* 
tliea showud that it was quinone chlurimide, and gave to it the 
following constitutiouiil furmuht : 

CbH / I 

It is thus quinoue in which on oxygen atom is replaced by 
NCI, and according to the more recent views concerning quinone, 
iu constitution is represented by the following formula : 

,CHr=CH 

CO ^ " ■"■■ 



\ 



/ 



CH=CH 

From this it appears that it stands in close relationship to 
quinonoxime, from which it is derived by replacement of the 
liydroxyl by chlorine ; it has not, however, been hitherto ob- 
tained in this way. Sohmitt found that it is also formed by 
the action of bleaching powder on ethylparamidophenale, 
CeH.(NHj)OC^s.* 

It is obtained aa a crystalline precipitate when a concentrated 
solution of bleaching powder is added to 100 grms, of a solu- 
tion of 5 grma. of para-amidophenol hydrochloride. The liquid 
first assumes a deep violet colour which, on further addition of 
hieacliing powder, beoomes gradually paler, until it suddenly 
changes to yellow when the reaction is complete. The solution 
13 then rendered faintly add with hjilrochloric acid, care being 
taken to prevent a rise of temperatiirG. Tlie product of the 
reaction is extracted with ether, the latter distilled off and the 
reeidue crystallizeil Irom glacial acetic acid (liirsch). 

1 Wnlker, Brr. DnitieK Chrm. Qa. ivi 
» Jmn^ Proit. C/iftn. (3) viii. J, 

* Bsr. Pevlteh, Chcnt. ffa. xni. IPOS. 

* Jmrn. Prakt. Cheta. (a), xii. Sie. 
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Quinone chlorimide forms golden crystals, which axe probably 
triclinic, melt at 85** and detonate at a higher temperature, 
but are volatile in steam with partial decomposition. It is 
scarcely soluble in cold water, but readily in hot water, alcohol 
and acetic acid. It has a persistent odour, similar to that of 
quinone, and like this stains the skin a permanent brown. 
Reducing agents easily reconvert it into paramidophenol, while 
sulphur dioxide converts it into the sulphonic acids of this. It 
is converted by strong hydrochloric acid into chlorophenol, and 
on heating with water to 100** forms ammonium chloride, quinone, 
and oxidation products of the latter ; 

CeH.ONCl + 2H,0 = NH.Cl + CeH.O^ + O. 

It dissolves in cold, concentrated sulphuric acid, and in fuming 
nitric acid without decomposition. On dissolving it in phenol 
and adding some sulphuric acid, a dark cherry-red coloured 
solution is obtained, like that produced by quinonoxime, which 
on addition of water and caustic potash is converted into a 
splendid blue.^ 

Trichloroquinone chlorimide, CgHCl30(NCl), is obtained in a 
similar manner to the preceding compound, from trichlorophenol. 
It is scarcely soluble in cold water, readily in hot, and crystallizes 
from alcohol in long, yellowish, lustrous prisms, melting at 118**.* 

Concentrated hydrobromic acid converts it, with separation of 
bromine, into trichloroquinone.® 

.CHzzCCl 
CO ^CzzNCl + H^O + 2HBr 

^CClzzCCl 

XHz=CCl 
= CO \C0 -f NH.Cl + Brj. 

^CClz=CCl^ 

Qtcinonc dichloHmidc, CgH^(NCl)2, is obtained by the action 
of bleaching-powder on a solution of paradiamidobenzene, 
CgH4(NH2)2, in hydrochloric acid. It is scarcely soluble in cold 
water, and slightly in boiling water, from which it crystaUizes in 
needles ; it is readily dissolved by warm alcohol and acetic acid, 

* Schmitt and Andresen, Jonm. PraH, Chem, (2), xxiii 435. 
> Schmitt and Andresen, ibid, (2), zxiv. 426. 
» Ibid, xxviii 436. 
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forming solutions which sUiu tlie akin brown. On reduction it is 
reconverted into diamidobenzene.^ 

I0I2 Ilj/droxyquinunoximroimiinonUrcaorciiiorcinol.C^^iOWjO 
(NOH). — Bindsobudler and Busch first obtained this compound 
by the action of arajl nitrite on monosodiumresorcinol* and it 
was then further examined by Fevru.' In order to prepare it, 
concentrated alcoLoUc solutions of equal moleculfis of sodium 
ethylate and resoroinol are mixed and the calculated quantity 
of amyl nitrite added, the mixture beiug kept well agitated. 
The solid mass which separates out is pulverized and freed 
from amyl alcohol by washing with watcr.^ It crystallizes from 
dilute alcohol in golden needles, which contain one molecule 
of water, and on heating become bla^k and decompose without 
melting. 

Its salts are not very cbaracteristic ; stannous chloride reduces 
it to amidoresorcinol, concentrated nitric acid converts it into 
trimtroresorcinol, and by passing nitrogen trioxide through its 
ethereal solution diuitroresorcinol is obtained. 

It gives colour-reactions with all phenols (p. 177), as well as with 
amido-compounds. With aniline acetate it forms the compound 
CjgHjjNjOj, which is insoluble in alkalis, and crystallizes from 
chloroform in small, lustrous steel-blue needles, which dissolve in 
concentrated hydrochloric acid with a blue, and in sulphuric 
acid, with a green colour (F^vre). 

Quinonedioximc or dinitrosoresorcinol, C„HjO^(NOH)„, ia ob- 
tained by the action of sodium nitrite on a very dilute solution 
of reaorcinol in acetic acid. After some time the liquid is poured 
into dilute sulphuric acid, and ttie compound which separates out 
purified by crystallization from alcohol.* It is more easily 
obtained by gradually mixing a dilute solution of resorcinol 
with nitrosyl-Bulphatti " (p. 171). 

Dinitrosoresorcinol crystallizes in yellowish brown or green 
plates which detonate at 115° ; it decomposes carbonates, and, 
to a slight extent, acetates. With the alkali metals it readily 
forms soluble normal salts and acid ones such as, CflH^O^fNOH) 
(NONa), which are obtained as slightly soiuhlo, green crj'slalline 
powders. 

' Kraiwe, Ber. Pm/jKh. Chfm. Oa. lii. 47 ; llirsch, toe, cU. 
' Kraum, Str. IhuUch. Chan. ftw. xvii. 1850, 
» Ibid. iTi. 1101. 

* Walker, aid. irii. 3B9. 
" TiX%.ibid. viii. 631. 

* StetJioOM tnd Groves, Juum. Chem, Soc. iiivi. 550. 



COLOURING-MATTERS FROM QUINONOXIMES 
AND PHENOLS. 

1013 Liebermanu observed tliat a solution of nitrous acid 
iu Bulphuric acid gives with different phenols a browu aohitiou. 
which quickly becomea green and then deep blue. The reagent 
for the preparation of thia colour is obtained by dissolving 
5 per cent, of potaasiiitn nitrite iu concentrated sulphuric acid ; 
the salt is gradually added with continual shaking in order that 
the nitrous acid may be completely absorbed. 

To prepare the phenol colouring-matter, 5 grms. of phenol 
are mixed with an equal volume of sulphuric acid and 20 cc 
of the reagent gradually added, the liquid well agitated, and the 
temperature not allowed to exceed 40° — 50°. After cooling, the 
solution is poured into a large quantity of cold water, when the 
colouring-matter separates out aa an amorphous, reddiah brown 
powder, which is washed and dried at 13U°. It has tlie com- 
position CigHjjNOj. and dissolves in concentrated sulphuric acid 
and in alkalis with a splendid blue colour.^ Its formation is 
explained by the quinoooxirae, which is flrat formed, taking up 
the elements of water and the compound bo obtained uniting 
with phenol aa follows ; 

.OH /OCJL 

EO.aH.NC + 2H0 CM, = lIO.aH,N< -*- 2H,0. 

\0H \..^.. 



\ 



■OC„H, 



Together with this compoimd another body is obtained, wliich 
can easily be separated since it is insoluble in ether ; it is an 
oxidation -product, for on allowing the original blue hquid to stand 
in the air it becomes green, and then only contains the second 
compound. Afl«r precipitation and washing with water, it forms 
a black mass which dissolves in sulphuric acid with a green, and 
in alkalis with a brown colour. The latter solution gradually 
turns violet in the air, but immediately on the addition of a 
solution of a hypochlorite. The colouring matttT dried at 100° 
has the composition CjgHuXOj.' 

1014 AzoresuTcin, Cj^HgNO^, was discovered by Weselsky, and 
described as dlazo-resorcin, C,gH,jN,Og.* Since however it is 

' B«r. Ihtaufk. (Viem. (lai. Til H7, 1098. 

' Kramer, ibid. xy\\. 1875 

' Aim. Chem. Pharm. lOiii. aT4. 



AZOEESOHCIN. 



not a diazo-compound, Weselaky and Benedikt decided to call it 
temporarily " Weaelaky's diazoresorcin." Bninner and Krtimer, 
who determined its exact composition, changed the name to 
azorosorcin, in order to indicate that it only contains one atom 
of liitrogen in the molecule, and not to make too great a change 
from the nomenclature which had been in use for twelve years. 
It would have been better to have given it an entirely new name, 
since azoreaorcin has nothing to do with either the azo-, or 
diazo-com pounds. Azoresorcin' is formed by the action of 
nitrogen trioxide or tetroxide* on TL-sorcinol; in order to prepare 
it Weaelaky's reagent is used. This is obtained by saturating 
well-cooled nitric acid of specific gravity 1*25 with the nitrous 
gases evolved from starch and nitric acid ; 40 to 50 drops of 
this solution are added to a solution of 4 grms. of resorcinol in 
$00 cc. of ether. After two days the mother-liquor, containing 
the two isomeric nitroresorcinols, is poured off from the crystals, 
which are washed with ether and water, and recrystalUzed from 
glacial acetic acid.' 

Azoresorcin forms small, dark red crystals having a beotle-green 
lustre, dissolving with difficulty in alcohol with a yellow colour, 
and readily in alkalis to a splendid violet liquid, which exhibits 
a blue fluorescence and gives dark violet precipitates with salts 
of the metals of the earths. 

It is formed, like " Liebermann's phenol coloiu-," from nitroso- 
resorcinol and resorcinol, and has therefore the following 
constitution ; 

HO. ,0, 

>C,H.N< >C„H,. 



By heating azoresorcin with acetyl chioride, no acetate is 
obtained, but the compound, OoH^CKOHJNCHCOOjCaH,. which 
oystallizts from glacial acetic acid in small, lustrous golden 
plates, is formed. 

JHbrontazm-entrcin hydrobromide., C,jHjBrjNO,.HBr, is ob- 
t^ed by the addition of bromine to a solution of azoresorcin 
iQcaustic soda, as a brown precipitate, which dissolves in alcohol 
forming a deep blue solution with a brownish red flu( 
and remains behind on evaporation aa a beetle-green mass. 



' TIm nsme Moteiorcin ia luwi instead of iiioresori?iiiol to bIiow that it 
ubiErnry anil does not exprem tl^e ronstitntion o! the Tompotuxl. 
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Trin.ilro-azoresorcin., CuHj(NOJjNO,. was described by 
Weselsky as tetrazoi-esorcin nitrate, C3oH,jNaO^(NOy)8. It is 
obtained by cautiously warming azoresorcin with ten times its 
weight of nitric acid of specific gravity 13*7, until an evuiution 
of red vapours commences, when the flame is removed and the 
flolution allowed to stand until a drop of the dark rarmine-red 
liquid gives a brown colouration with ammonia. It is then 
filtered tlirough glass-wool and the filtrate cooled by ice. 
Trinitro-azoresorcin separates out iu small crystals, with a 
beetlo-greea lustre, readily soluble in water and more so in 
alcohol, forming a beautiful blue liquid ; the alcoholic solution 
decomposes slowly in the cold and rapidly on wanning. It 
dissolves in alkalis with decomposition, forming a brown solution. 
When heated on platinum foil it detonates (Brunner and 
Kramer), 

1015 Azoresorujin, Cj^HjgNjOj. — Weselsky obtained this com- 
pound by beating azoresorcin with sulphuric acid to 210', and 
named it diazoresorufin, Cj^HigN^Oa. It is formed accotdiug 
to the following equation : 






ho/ 

Brunner and Kramer found that it is also formed when 
5 grms. of resorcinol are dissolved in 15 cc. of sulphuric acid, 
iOgrs. of Liehermann's reagent gradually added, and the splendid 
blue solution heated to 140°, a violet colour beiug produced. The 
liquid is diluted with water, neutralized with carbonate of soda 
and evaporated. The sodium compound of the azoresorufin is 
extracted from the residue by alcohol, and forms a solution with a 
cinnabar-red Huorescence, Glauber's salts and a colouring matter 
remaining behind. The latter is soluble in water, forming a 
red solution with a brown fluorescence. 

Azoresorufiu is also obtained by beating resorcinol witn nitroso- 
resorcinol and sulphuric acid, or by heating the first with nitro- 
benzene and sulphuric acid to 170°. 

It ia insolublo in water, slightly soluble in alcohol, and 
crystallizes from hot hydrocldoric acid iu small garnet- red 
prisma It dissolves in concentrated sulphuric acid with a 
bluish violet colour ; with alkalis, particularly in alcoholic 
solution, it forma a carmine-red li(|uid with a splendid cinnabar- 
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red fluorescence. This colour ia bo iutense that azoresorufin 
may be used as a. iJelicate reagent for atkatis, iuasmuch as qqg 
dmp of a millcDormat solution of caustic soda gives the 
colouration. 

Duicetijlazortmmfin, CyH^NjOsfOC^HjO);, ia obtained by 
hciatiag azoreaorcin with acetic aDbyilnde and anhydrous 
sodium acetate to 135'; it is ayellowiah brown amoiphous mass, 
which on evaporation with hydrochloric acid is coIoiirMJ beetle- 
green, tho hydrochloride being formed. On heating with alkalis 
it forms azoresorufiu, which is converted by tbe action of acetic 
ADhydride and sodium acetate into diacetyl azoresonifin ether, 
'-'igl^is-^4*^uf^^i^a'-^)!' crystallizing from glacial acetic acid or 
benzene in lustrous orange-coloured plates.' 

If azoresorcin be heated with hydrochloric acid to 100', the 
hydrochloride of azoresonifyl chloride, CjjHjjNjOsClgCHOt)^, is 
formed, crystallizing from an ethereal solution in small red 
plates with a metallic lustre. 

Tdruhylrctioresonijin. Cj^H^NjOj. — When azoresorcin is 
warmed with zinc and hydrochloric acid, first a red and then a 
blue solution is fonued ; on cooling, dark blue crystals of the 
hydrochloride, Co^HjqN^Oj(HC1)j, having a cupreous lustre, are 
obtained, which are rapidly converted into azoresorufin by 
oxidizing agents. 

HydTozortsorujin ellur, CjgH^NjOjj. — By the continued action 
of zinc and hydrochloric acid, the blue solution of the preceding 
compound is coloured green, and on cooling deposits colourless 
plates, having the formula C^H^gN,0,j(HCl),, which rapidly 
oxidize in the air, becoming blue and showing the metallic lustre 
of sublimed indigo. By rapidly drying the hydrochloride 
on the water-bath, and dissolving the blue powder thus 
obtaineti in alcohol and a few drops of hydrochloric acid, an 
iadigo-blue solution is obtained from wliich crystals of the 
composition Cj,H^N^O,j(HCl),, resembling potas-sium per- 
manganate, separate out on cooling. By using acetone instead 
of alcohol, similar crystals of the composition Cj„HjoNjO[j(HCl) 
are obtained. 

Hexlromazoreiuyrujin hi/drobromide, C'„,HioBr„N,Oj.HBr, is 
obtained by the action of bromine on an alkaline solution of 
azorcaorufin as a brownish red, amorphous, precipitate, whose 
violet alcoholic solution has a splendid bluish red fluorescence. 

Aiiother bromine derivative of azoresorufin ia the " fluorescent 
' Bmnner, Ber. VmHaih. Chtm, Oa. xviii. 680. 
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resoreinol blue " which is obtained by dissolving azoreaorufin in 
potash, adding bromine and precipitating with hydrochloric acid. 
The precipitate maybe converted into the sodium or ammonium 
salts, which crystaUize in green lustrous needles, slightly soluble 
in water and absolute alcohol, and more readily ia dilute 
alcohol ; the blue solutions possess a splendid red fluorescence. 
The free colouring matter, obtained by addition of hydrochloric 
acid, crystallizes from toluene in brown needles ; it dyes wool 
and silk a fast blue with a splendid red fluorescence. By de- 
composing a dilute, alkaline solution of azoresorcin vith 
bromine, the " non- fluorescent resorcinol blue" is obtained, 
crystallizing from alcohol in green needles. Its solution is not 
fluorescent, it dyes wool and silk pure blue, but the colour 
readily changes on steaming into the reddish blue of the preceding 
body.' 

Hexnitro-azorciorufin, Cj^H,(|(NOj)flNjOj, is obtained in a 
similar manner to trinitro-azoresorcin ; Weselaky described it 
as tetrazoresorufin nitrate. It is soluble in alcohol and water 
with & purple colour, and crystallizes in needles with a beetle- 
green lustre, which detonate on heating. 

Ecsorcinol blue. — When 3 parts of reaorcinol are heat«d with 
1 part of sodium nitrite to 130°, an intensely blue mass is 
formed, an evolution of ammonia accompanied by violent 
frothing taking place. On dissolving the mass thus obtained in 
a little water and adding common salt, the sodium compound 
of the colouring matter is thrown down. This is readily soluble 
in water, from which it separates out in indistinct crystals, 
which on drying assume a metallic lustre. Acids precipitate 
the colouring matter in dark red flocks, which readily dissolve 
in alcohol, and are reprecipitated by water. It dissolves in 
concentrated sulphuric acid with a blue colour ; its alkaline 
solution is decolourized by zinc dust, but rapidly becomes blue 
again in the air.* On account of its great similarity to litmua, 
Traub and Hock, who discovered this colouring matter, named 
it " lackmo'id." ' 

1 Weeelskj' and Dpnedikt, Monatik. CXem. t. 605. 
■ BonedikC and Jaliiu, SIonaltK Chitm. y. SSi. 
* Btr. Deutack. Ohem. Ott. xviL 3615. 
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TRIHYDROXYBENZENES. 

1016 We are acquainted with the three theoretically possible 
compooudB : 

Pyrogallol. PliloroglacmoL Hjdro:ij<juiiioL 

OH OH OH 

^\0H 

JOH OH'x /'oh 



al JoH I ^H 



OH 

Pyrogallol is obtained by the separation of carbon dioside 
from gallic acid, C^H^{0^)fiO^S, which, as will be shown later 
contains the three hydroxyla in the ailjatient poaitioo. Hydroxy- 
quinol is obtained from quinol, which, aa a para-cotnponnd, can 
only yield one tribydroxybenzene. In phlorogluciiiol, therefore, 
the hydroiyb must occupy tho symmetrical position, and ita 
generol behaviour agrees with this view. 



PYROGALLOL, C^^iOH)^. 

1017 Scheele, who was the first to obtain puro gallic acid, 
C5Hj(OH)5CO,H, in 17S6. showed that ou dry distilktion it 
yields a sublimate which, like gallic acid, forma a precipitate with 
ferrous sulphatL'. This he thought to be remarkable,^ and it 
thus appuars that he considered the bodies to be different. 
I^ter chemists, nevertheless, considered this sublimate to be 
pure gallic acid, until Braconnot, in 1831, showed that sublimed 
is different from ordinary gallic acid,* in which couciusion he was 
con6rmed by Pclouze in 1838,^ It was then called pyrogatlic 
ftdd, which name ia still employed. 

In order to prepare pyrogallol in small quantities, gallic acid, 
dried at 100", is placed in a tubular retort and heated in an oil 
buth to 210' — 220° but no higher, carbon dioxide being passed 
tlirongh tho apparatus ; a yield of 30 per cent, is thus obtained. 
To obtain larger quantities, gallic acid is heated with 2 to 3 
parts of water for half an hour in an autoclave to about 210° — 
220'. A paper ring is placed between the vessel and ita cover 
' Ann. Clum. Phyt. xlvi. 200. 
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to allow the carbon dioxide to escape. The solution is boiled 
with animal charcoal, filtered and concentrated. The pyrogallol 
which crystallizes out on cooling must be distilled in vaciio to 
render it perfectly pure.^ The yield is almost theoretical 

Pyrogallol crystallizes in thin plates, or white lustrous needles, 
melting at 115° and boiling with slight decomposition at 21 0^ 
It is readily soluble in water, alcohol and ether, tastes bitter and 
is poisonous ; 2 to 4 grains given to a dog, kill it, producing 
the same symptoms as phosphorus poisoning.^ Its alkaline 
solution rapidly turns brown and black in the air, and then 
contains carbonic acid, acetic acid, and black humus-like bodies. 
Oxygen is most rapidly absorbed by it when a solution of 
0'25 grms. of pyrogallol in 10 cc. of caustic potash of specific 
gravity 1°05 ^ is used. Its alkaline solution is therefore used 
in gas analysis (Liebig), but the fact that carbonic oxide is 
always given oflf has to be borne in mind,* the quantity of this 
being larger when pure oxygen is absorbed, than when it is 
absorbed from the air.^ 

Pyrogallol reduces solutions of gold, mercury, and silver. A 
perfectly pure solution of a ferrous salt produces a white turbidity 
in a solution of pyrogallol, but if the smallest trace of a ferric 
salt be present the liquid is coloured blue. Ferric chloride produces 
a red colour (see pyrogalloquinone). A very delicate reaction 
of pyrogallol is, that its aqueous solution is coloured brown by 
nitrous acid ; it can hence be employed as a test for the latter 
compound.® Pyrogallol is employed as a developer in photo- 
graphy as it reduces silver salts. Since its price is seven times 
that of gallic acid, a solution available for dry plate work can be 
cheaply prepared by heating 10 grms. of gallic acid and 30 grms. 
of glycerol to 190° — 200° as long as carbon dioxide is evolved. 
The theoretical yield is thus obtained. After cooling, the residue 
is dissolved in 1 litre of water.^ Pyrogallol is also employed as 
a hair dye and for diflferent analytical purposes. It is further 
made use of in the manufacture of some colouring matters, such 
as gallein and courulein. 

* De Luynes and Eax)erandien, Ann. CJiem. Pharm, cxxxviii. 60. 
« Pcrsonne, ZcMjtchr. Chrm. 1869, 728. 

' "VVeyl and Zeitler, Liebig* s Ann. cev. 264. 

* Calvert and Cloez, Ann, Chcm, Pharm. cxxx. 248. 

• Boussingault, ibid. cxxx. 249. 

• Bchbnbein, Zeitschr, Anali/t. Ch^w. L 819. 
' Thorpe, Chcm. News, xliii. 109. 



ioi8 Pyrogatlol dimethyl tther. C(,Hj(OCHb)jOH, is found in 
beechwood creasote, and U formed when one molecule of 
pyrognllol, with two molecules i>f caustic potash and two 
molecules of methyl iodide, i? dissolved in absolute alcohol 
and heated to 150' — 160°. It crystallizes from boiling water 
in white prisms, melting at51° — 52° and boiling at 253°. It forms 
fine, crystaiUne salts with the alkalis, which do not become black 
in the air.' 

The ethyl eiher» of pyrogallol are obtained when pyrogallol is 
bvattNl with caustic potAsh, etbyl iodide and absolute alcohol to 
100°,* After evaporating off the alcohol the residue ia distilled 
with steam. The triethyl ether comes over together with some 
diethyl ether, from which it can be separated by means of caustic 
potash, in which the first compo\ind is insoluble. In order to 
separate the residual mono-ethyl ether from any adhering diethyl 
ether, the latter is extracted with cold benzene.' 

Pyrogallol viono-ethyl ether, C8Hg(0CjHJ(0H),, is tolerably 
soluble in cold, readily in hot water and in alcohol, but; very 
slightly in cold benzene. It crystallizes in needles melting at 
95*. Its aqueous solution is coloured bluish violet by ferrous 
sulphate, and its alkaline solution turns brown in the air. 

PffTogalia dUlhyl ether, CflH,(OC,Hj)j[OH), is readily soluble 
in cold benzene, slightly in cold dilute alcohol, and readily in 
hot. It forms crystals melting at 7!)° and boiling at 262*, and 
its alkaline solution is not coloured brown in the air. 

Pyrogallol triethyl ether, CpHj{0CjHj)3, crystallizes from alcohol 
in fine needles, melting at 39° and boiling at about 250°. 

Triaceiopyroyallol, CjHj(OCjHjO)g, is obtained by the action 
of acetyl chloride on pyrogallol, and forms crystals which 
can be sublimed and are almost insoluble in water.' 

PyrogaUnquinanf, CjglljaOg = CgH^Oj + 2C„HgOj, is obtained 
by the direct combination of pyrogallol with quinone. It dis- 
aolves in ammonia with a deep blue colour which soon dis- 
appears. According to Wichelhaus it has the formula CigH^Og.* 
{See p. 167). 

Purpiirogallin, G^^,fig. — Girard obtained this compound by 
oridizing pyrogallol with silver nitrate or potassium permanganate 
and sulphuric acid.' According to Wichelhaus, who prepared it 

■ [loftnnnn. BfT, DmUtdi. Chnn. On. li, 333. 

■ Bniifliki, Bit. IhuUch. C'Aein. (?«. ir. ]25 ; Hoftnnnii, ibid. xi. 7B8. 

* IIene<liiilftu<I WcKUkf, MoiuOih. Cfiem. il 213. 

* SMJilwur, Ann, V\em. Pham, OTii. 244. 

' Ser. Deutttk. Chtm. Ot*. T. 8*8. • ibid, a BBU. 
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by tlie action of chromic acid solution on pyrogallol, it lias tha 
formula C,jjH,,Oo.^ This boily was then observed by Strave 
in his investigations on tlie action of nascent oxygen on pjTo- 
galloL He found tliat it is formed when a dilute solution of 
pyrogallol is brought in contact with saliva, malt extract, &c., and 
allowed to stand in presecce of air. It is more reailily obtained 
by nsing a dilute solution of gum arabic* Loew, who obtained 
this compound by allowing a solution of pyrogallol and sodium 
phosphate to stand in the air, believed it to be identical with 
pyrogalloquinone.* Clermont and Chautard, who, like Girard, 
prepared purpurogallin by the oxidation of pyrogallol with silver 
nitrate, found the same composition as the latter, and observed 
that pyrogallucjuinone and another body, which has not yet beea 
examined, are also formed. The best method for the preparation 
of purpurogaUin is that of Struve ; 10 gnna. of pyrogallol are 
dissolved in 500 cc. of a 10 per cent, solution of gum, and 
the solution allowed to stand in a large bolt-head for several 
weeks. By this method a yield amounting to C7 per cent, by 
weight of the pyrogallol used is obtained. 

Purpurogallin crystalhzes from alcohol in brown, velvet-lika 
needles, melting at 2,5G°. It forms a sodium salt, CjgHjjNa^Og, 
which crystallizes with difficulty in deliquescent needles, and 
gives with barium chloride an almost insoluble precipitate of[ 
Cj^IIjjBajOg. By heating it with acetic anhydride, we obtain 
the acetate, Cj(,H,jOg(CjH,0)^, crystallizing from alcohol i«'. 
lustrous, hrown needles, melting at 186°, By heating wiUi- 
concentrated hydriodic acid, purpurogallin is converted into, 
the hydrwarbon CioH,,, which boils at 195° and undergoes, 
polymerisation.* 

TrirMornpi/rogatlol, CaCl5(0H),, is obtained by passing dry! 
chlorine through a well-cooled mixture of [^rogallol and acetifl; 
acid, and crystallizes in fine needles containing 3 molecules of 
water. On adding baryta water to its ethereal solution a blafl< 
colouration is produced.* 

Trihromxpyrogallol, C^t^(OM\. is formed by triturating a 
mixture of bromine and pyrogallol, and crystallizes from hot 
water in lustrous, flat, rhombic needles." 

' Ber. IkiOKh. Chcm. Oa. v. 848. 
' -^iifi. Chfra. Ph/tna. eliiii. 102. 
» Jmtm. Fralct. Cham. (2), xv. S22. 
* Comft. Jteiut. xdv. 1188, iS54, 1368. 
' H'oljstrr, Joam. Chtm. Hoe. 1884, i. 206. 
' Hl:uiiwoti, Ann. C/iem. Fharm. cjdii, 250. 
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XUropyrogallol, CoHj(NOj)(OH),+ H,0, ia obtained by pass- 
iug nitrogen trioxide through a eolutiun of pyrogallol in ten 
times its quantity of ether until carbon dioxide commences to 
l>e evolved. It crystallizes from boiling water in long, thin, 
"brownish yellow needles or thick rhombic prisms, which become 
anhydrous at 100°, and melt with decomposition at 205°. Its 
solution is coloured deep red by lime-water, and green by 
feiric chloride. 



PHLOROGLUCINOL, C^H3(0H)j + 2Hp. 

loig Hkaiwetz first prepared this body by heating phloretin, 
CijHijOj, with caustic potash. This substanco is thus decom- 
posed into phloretiuic acid. CgH,(0H)C3H,.C0jH, and phloro- 
glucinol, which obtained this name on account of its exceedingly 
sweet taste.' It is also formed from various glucosides, plant- 
estracts, resins, itc., such as quorcetin, maclurin, catechin, kino, 
gamboge, dragon's blood and others, by fusing them with caustic 
potash.' It is likewise obtained by the action of sodium ajnalgam 
or caustic potash on morin,' Ci^HgO^, which occurs together with 
maclurin, C^Hj^Og, in fustic. The latter compound, which is 
obtained in the impure state as refuse in tho preparation of 
fustic extract, is well adapted for the preparation of phloro- 
glucinol.* It is fused with 3 parts of caustic potash and 8'>me 
water until the mass becomes pulpy. After cooling it is dis- 
solved in water, acidified with sulphuric acid, and extracted 
with ether; on distilling off the latter, the residue is dis- 
solved in water and lead acetate added to precipitate the proto- 
catechuic acid. The solution is then treated with hydrogen 
sulphide, and the phloroglucinol obtained from the filtrate either 
by evaporation or by eximustion with ether (Hlasiwetz and 
Pfeundler). 

It can also bo advantageously prepared from resorcinol by 
fusing this with a tolerably large excess of caustic soda, until 
the violent evolution of gas, which commences after some time, 
moderates and the mass has become light chocolate-coloured. 
The solution is acidified with sulphuric acid, extracted with ether, 

' Ann. Chrm. Pharm, xtvi. lia. 

'Hlnsiwou, Hid. ciii. PS; cxxxiy. 118: «x«viii. ISO; Hlwiwet* knJ 
nhnndltr, cxxni. S67 ; HUsiweti and Barth, cxuiv. 2S3 ; cxxxviii. CS. 
» /hid. cxliii. SB7. 
* Bencdikt, ibid. cUixv. II*. 
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and the phlorogluciuol obtained by evaporation, and recrystal' 
lized.' According to Tiemann and WiU, tlio adhering resorcinol 
may be removed by heating the phloroglucinol to 100° and 
moistening at intervals, the reaorcinol being thus sublimed. They 
also notice the curious facta that ether dissolves pblort^lucinol 
more readily from a neutral than from an acid solution, and that 
if the solution be saturated with common salt, a large portion 
of the phloroglucinol separatea out.* Phloroglucinol ia also 
obtained by fusing benzenetrisulphonic acid with an excess of 
caustic soda.^ 

Baeyer has recently succeeded in syntheaiaing phloroglucinol ; * 
by the action of ethyl malonate, CH2(CO,OC2Hj).. on sodium 
ethyl malonate he obtained the ethyl ether of phloroglucinol- 
tricarboxylic acid, C|jHj0j{C0j.CjH5)j, which on fusion with 
caustic potash yields phloroglucinol From thia it would appear 
that it baa the following constitution : 

CO 

CHj. 

This view is confirmed by the fact that it forma a trioxime, 
CbH„(N.0H)3, On the other hand, phloroglucinol behaves ia 
many reactions as a trihydroxybenzene, and it appears to exist 
in both forms, one easily changing into the other.' 

It is readily soluble in water, alcohol, and ether, and crystallizes 
in small plates or rhombic tablets, which lose their water of 
crystallization at 100°, and melt at 209°, At a higher tempera- 
ture it partially sublimes without decomposition. It reduces 
Fehling's solution ; dilute nitric acid converts it into nitrophloro- 
glucinol, while the concentrated acid oxidizes it to oxalic acid. 
Aqueous ammonia converts it into phloramine, CgHj(OH)jNH, 
which will be subsequently described. This reaction is very 
remarkable, since the other phenols only exchange a hydroxy! 
group for an amido-group with difficulty. Its aqueous solution 
is coloured a bluish violet by ferric chloride. As already stated, 
it is, in presence of hydrochloric acid, a delicate reagent for 
woody substances, which produce with it a reddish violet 

' Biirth and Scbrador, Bcr. Deutach. Chem. Ga. xii. 503. 

» Ibid. liv. &64. ' Ibid. xii. 122, 

* Ibid, zviii. S451 ; xix. 1S9. ■ See alsa Loar, Oiid. xviii. 648. 
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coloiiralion (Vol. Ill.Pt. II. p. 584). A aolution coiitaiuing 001 
per cent, uf pUoroglucinoI colours pieces of pine wood, moistened 
iritli hydrochloric acid, a distinct red, and even when only O^Odl 
per cent, is present, the reaction taies place if the wood be 
allowed to remain in the solution for twenty-four hours. In 
this way a lignification of the tissue can be recognised in the 
very earhest stages of vegetable growth. Phloroglucinol is only 
a weak antiseptic, and, unhke its isomeride pyrogallol, it is not 
poisonous,' 

By mixing a very dilute aqueous solution of phloroglucinol 
and aniUne nitrate, or toluidine nitrate, with potassium nitrite, 
a vcnnilion-coluured precipitate of azobenzene -phloroglucinol or 
azotolu en e -phloroglucinol,* separates out after a short time. 

loao PIdoroglueinol diethyl ether, C^^iOC^^.OR, is obtained 
by saturating an alcoholic solution of phloroglucinol with hydro- 
chloric acid. It crystallizes from hot water in long, lustrous, 
snow-white crystals, melting at 75*. 

PhtoroglueiHol triethyl ether, G^^{OC^^y is obtained when 
the preceding compound is heated with caustic potash, ethyl 
iodide, and alcohol. Water precipitates it from its alcoholic 
solution in fine crystals melting at 43°.' 

Triacetophloroglucinul, CuH„(OCjHgO)g, is formed by the 
action of acetyl chloride on phloroglucinol, and crystallizes from 
alcohol in small prisms, insoluble in water.* 

TncJUoropkloroglucinol, Qfi\{0^^+ 3HjO. When an aqueous 
solution of phloroglucinol is treated with chlorine, dichloracetic 
acid is formed, thus affording a proof of its symmetrical structure 
(p. 181) : 

CaHgO, + 3HjO + 6C1, = 3C,H,C1,0^ + 6C1H, 

If, however, the reaction be carried on in absence of water, 
and if chlorine be passed through a mixture of phloroglucinol and 
tetrachlorometbane surrounded by a freezing mixture, trichloro- 
phloroglucinol is obtained. It is almost insoluble in cold water, 
crystallizing from warm water or alcohol in fine needles, which 
lose their water of crystallization over sulphuric acid, melt at 
136°, and sublime below this temperature. By the spontaneous 
evaporation of the alcoholic solution it is obtained in large 
transparent needles, 

' AnJreer. Ber. Dtutteh. Chem. On. ivii. 'Ret. 334. 

■ WVaeUkv, ibid. ii. 918 ; WeseUky and Beneiiikt, lii. 226. 

• Will tii.l Albrecht, Ann. Chem. Pharm. ivii. 2107. 

* Uiimweti, Ibid. exix. 20L 
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By actiDg on the miiture of phlorogluctDol sdiI tetiachlorO' 
methane at the ordinary temperature, chlorine sabstituti<»- 
products of acetaldehyde and acetic acid, especially thchlotacetiie 
acid, are obtained.^ 

TribramaphtoToglueinol, C^Br/OH), + SHfi. is obtained by 
the action of bromine water on phloroglncinol, and oystallizes 
in prisms* Cold citric acid converts it into tribromodinitro- 
propionic acid : ■ 

C,H,Br,0, + CNOrOH = C,HBrj(NOt),0, + 3C0, + 2NO 
+ NjO, + 4H,0. 

By graduaUy adding 11) parts of bromine to an aqaeooB 
solution of 1 part of phloroglncinol, phlorobromine. CgHBr^O, 
is formed, crystallizing from chloroform in lustrous rhombic 
prisms, melting at 152°. They are not attacked by boiling^ 
caustic potash, sodium amalgam or concentrated nitric acid, but 
dissolve in warm alcohol forming pentabromacetone.* 

IfitropfUoTOffliceinof, 0(H/NOJ(OH)j, is obtained by dissolving 
phloroglncinol in warm dilute nitric acid, from which it separates 
in reddish yellow scales, dissolving in hot water and crystallizing 
in plates. 

Trinitrophloroglucinol, Ca{NOj')j(OK}a, is obtained by adding 
the potassium salt of trinitrosopbloroglucinol, which is described 
below, to a mixture of equal parts of concentrated sulphuric acid, 
and nitric acid of specific gravity 140. in very small quantities 
at a time with continual agitation. Pieces about as large as a 
pea kindle on the surface of the liquid and swim about 
glowing balls with a hissing noise until they are dissolved. If 
larger pieces are added, violent explosions may occur. 

Trinitrophloroglucinol crystallizes from hot water in yellow 
hexagonal prianis containing a molecule of water which they 
lose at 100°. It commences to sublime at 130°, melts at ISS", 
and explodes when more strongly heated. Like picric acid, it 
dyes wool and silk, but produces fuller and more beautiful tones. 
It gives the isopurpuric acid reaction with potassium cyanide, 
and decomposes carbonates forming tlu"ee series of explosive, 
salts ; of these the most remarkable are : 

(1) Ca(N0j)s{OK)5 forms orange-red needles, often an inch 
long, having a diamond-like lustre. 

' Webster, Joam. Chrm. Soe, 1385, i. *23. 
' Hlnsiwrti, JahTaber. 185S, 702. 
' Benedikt, Atm. Chan, Fharm. olxxxiv. EGG. 
• Ibid, uliiiix. 165. 
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(2) Ce(NOj)j(OK)jOH occure in deep yellow crystals, which 
hiive less lustre than those of the normal salt. 

(3) C,(NO,)gOK(OH), + H,0 crystallizes in long, very fine, 
sulphur-yellow needles with a silky lustre. 

TrinitrdaophloToglucinol or Quinonelriarimr. C|jOg(NOH)i,. 
When 10 grma, of phloroglucinol are dissolved in 300 cc. of 
water containing 12 grma of ncetic anhydride, and a well-cooled 
ciinecntrated solution of 16 grams of potassium nitrite is added 
to this liquid, cooled to 8° — 9°, an acid potassium salt of this 
compound separates out in green crusts. If it be allowed to 
stand for half an hour and treatt-d with excess of caustic potash 
and then alcohol, the neutral salt, C'j(N 0)3(0 K)j, is precipitated 
in fine green needles, which are very explosive. 

By adding lead acetate to its dilute aqueous solution, a yellow 
jwecipitate of the lead salt is obtained, forming, when dry, a 
cinuamon-brown powder, which explodes on heating with the 
greatest violence. By decomposing it with dilute sidphuric acid 
in presence of alcohol and allowing the filtrate to evaporate, 
trinitrosophloroglucinul is obtained in warty needles.* It 
probably has the following constitution : 
,C(NOH)CO 
CO ^CNOH. 

\CCN0H)C0 
According to what has alreaily been said on the constitution 
of quinonoxime (p. 70), this may also be considered as being 
derived from benzene, each pair of hydrogen atoms being replaced 
by the divalent group, — N(OH)— — . 

Phlorogl'ucinoUrioTime, CjH,(NOH)g, is obtained by the action 
of hydroxylamine on phloroglucinol, and forms a sandy powder 
which is very sparingly soluble in water and alcohol, blackens 
when heated to 140°, and explodes with a red flame at 155°, 
It has undoubtedly the following constitution: 
CH, 
/\ 
HO.N— C C— N.OH 

I _ 

CHj 



H,C 



Y 



11 

N.OH. 
' Ocnedikt, Her. Deuttch. fA«n, Gai. 



Afl already stated, phloroglucinol is also obtained by fusing 
phenol with caustic eoda. According to Gautier the isomeric 
phenoglucinol, CgHj(OH)j + 2HjO, is obtained in thia way. 
This crj'stallizes from water in large prisms melting at 200°'5, 
possesses a very sweet taste, but only gives a faint violut colour 
with ferric chloride. According to him, the trihydroxy benzene 
obtained by fusion of quercitol, ia also different from phloro- 
glucinol, and he has named it " querciglucin," 3CgHj(0H)j + 
2HjO. It loses its water and melts at 174°, and has a slightly 
sweet taste. This substance has been found to be simply impure 
phloroglucinol.' Finally he obtained " oenoglucin " by fusing the 
colouring matter of red wine from Carignane with potash. This 
substance is very similar to phloroglucinol, but is only coloured 
a light violet by ferric chloride.* 



HYDROXYQUINOL, CoHg(OH)a. 

1021 This compound ia obtained, together with diquinol, 
Ci^bCOH),, and hexhydroxydiphenyl, Ci,H,(OH)g, by fiisiug 
quinol with ten times its quantity of caustic soda until the evolu- 
tion of hydrogen ceases. It crystallizes from ether in microscopic 
monoclinic plates or tablets, melting at 140°-5. Its aqueous solu- 
tion becomes rapidly coloured in the air, but more rapidly when 
a drop of a solution of an alkali is added ; it is in this respect 
as sensitive as a solution of catechol. When applied to the skin 
it produces a brown coloiiration, which after some hours turns 
black. By adding a little ferric chloride to the dilute solution, a 
brownish green colouration is produced which rapidly disappears ; 
on addition of a little carbonate of soda it becomes a fine dark- 
blue, and on addition of more, wine-red. Ferrous sulphate gives 
no colouration, but after the addition of a little carbonate of soda 
the solution turns violet, and on a further addition becomes 
intensely blue. Hydroxyquinol dissolves in sulphuric acid form- 
ing a green solution, which gradually turns violet, and on heating 
cherry-red. 

When hydroxyquinol undergoes dry distillation, part is vola- 
tilized undecomposed, and the remainder is reduced to quinol, 
the mass becoming charred.^ 



HESHTDROXYBENZEKE. 



Hydroxyquinal truthyl ether, C^Rg(OC^U^\, is obtained by 
Tieating the calcium salt of the corresponding triuthoxy benzoic 
acid, and forms crystals melting at 34°.' 

Triacetokydrory^'inol, CflHjiCOCaHsO)^, is obtained by heating 
hydroxyquinol with acetic anhydride and anhydrous sodium 
acatate. It crystallizes from alcohol in fine, white, bushy 
needles, melting at OS'S. 

m/droTfftpiinJiijdrone, CgHJOH)j + CgH/O^OH, is formed 
by the addition of nitric acid to a cold, aqueous solution of 
hydroxyquinol, in small, dark, grey-blue crystals with a slight 
surface lustre. 

Tr^romohydroryquinone, Q^Tf)^{OW), is obtained by triturat- 
ing a misture of hydroxyquinol and dry bromine, and separates 
from chlorofonn in splendid, orange-red, crystalline granules. 



HEXHYDROXYBENZENE, CaCOH)^. 

loaa By the reduction of nitranilic acid fp. 163),diamidotetra~ 
hydroxybenzene, C^CNH^jfOH),, is formed, as will be after- 
wards describeil. By oxidizing the hydnwhloride of this 
compound with strong nitric acid, a colourless solid body is 
obtained, the analysis of which gave the formula C„H,,0„, 
which at first sight appears very singular. On adding this 
substance to a sohition of stannous chloride, mado strongly 
acid with hydrochloric acid, hexhydroxybenzene separatee out 
after some time in greyish-white needles. It is slightly soluble 
in cold, more readily in hot water, and is reprecioitated by 
hydrochloric acid. 

It is only slightly soluble in alcohol, ether and ben2ene, and 
the solutions turn violet in the air. It reduces «ilver solution 
quickly in the cold ; on distillation with zinc dust it forms some 
benzene, together with a sohd body, which appears to be diphenyl, 

Hexaectohydroxybeiufne, Ca(()CjHjO)(,, is obtained by heating 
hexhydroxybenzene with acetic anhydride and eodium acetate. 
It is a crystalline powder, almost insoluble in alcohol, ether and 
benzene, and cTystallLzes from boiling glacial acetic acid in 
small, beautifully -developed, apparently rhombic prisms, con- 
taining acetic acid, which escapes at 150°. It melts at 203°, and 
on cooling solidifies to a colourless crystalline mass. 

> Wm uid Albrecht, Ber. DeiUach. Chan. Oct. xvii, 210B. 
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TetrahydTOxyquinow., CaOj(OH)^. — Ou decomposiDg a coH 
solution of hex hydroxy benzene, which has been saturated vhUe 
hot with Bodium carbonate, the Burface U coloured deep yellow, 
and almost hlack, stellate needles separate out, having the 
formula C„Oj(OH)j(ONa)j. These crystals have a green metallic 
lustre, and their formation is hastened hy the introduction 
of air. 

The barium salt ia a dark nxi precipitate, which on drying 
shows a green metallic lustre. 

Bemotriipiirume, or triquiiuryl, C^Og + SH.O — This ia the 
compound, C^HjuOj,, mentioned above, which is also obtained by 
oxidation of the preceding compoimd, as well as by oxidizing 
hexhydroxy benzene with nitric acid. It is almost insoluble in 
cold water and alcohol, and crystallizes from warm dilute nitric 
acid in colourless, microscopic needles. 

Dihydroxybtiizadiquiiione, or dihydroxydiquinoyl, C,0^(OH)j. 
is obtained by warming triquinoyl with aqueous sulphurous 
acid to 40° — 50°, and saturating the yellow solution with carbonate 
of soda ; the sodium salt, CuO^fONa),, separates out in splendid, 
lustrous violet needles, which on drying assume a green metallic 
lustre. Its solution gives a bright vermilion precipitate with 
barium chloride. 

When triquinoyl is heated to 100°, or boiled with water, and 
caustic potash added to the residue, potassium crocooate is 
obtained : 

OflO, + H,0 = CsHjOj + COy 

This body is also obtained by the action of an excess of caustic 
potash on tetrahydroxyquinone and dihydroxybenzodiquinone, 
as well as by boiling di am id otetrahydroxy benzene with caustic 
potash in presence of air : 

CoH.O,(NHJj + 4K0H + = C,Kfi^ + aNH. 
+ KjUOj + H5O. 
This reaction and the properties of bexhydroxybenzene make 
it appear very probable that the substance in question is 
identical with the trihydrocarboxylic acid, CjoH,oO,o, which 
Lerch obtained by the action of hydrochloric acid on freshly- 
prepared jHitassium carboxide (COK),j. By oxidation with 
nitric acid he obtained oxycarboxylic acid, C,„Ha,Ojj, which is 
probably triquinoyl, while tetrahydroxyquinone appears to be 
identical with dihydroxycarboxylic acid, and dihydroxybenzodi- 
quinone with carboxylic acid (Vol. III. Pt 11, p. 634). 
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This has been confirmed by further researches, by which it 
has been shown that rhodizonic acid is identical with carboxylic 
acid.^ 

Croconic Add, Cfi^Ha, is dibasic, and forms two series of 
salts, C,0,KNa, Cfiji.^. CbOsKH. The k^iconic acid obtained 
by its oxidation has the fonnula Cfi^ + 4HjO, and is converted 
by hydro xylamine into a pentoxime, CjtN.OH)^, a yellow crystal- 
line body, forming an explosive potassium salt, CjHjKjNjOj, 
Leuconic acid, therelbre, corresponds to triquinoyl:* 



Lenconia Aeid. 
CO — 00 
I I 

CO CO 

CO. 



riqninoyl. 

CO 

/\ 

CO CO 

1 I ■ 

CO CO 

\y 

CO, 



It alao follows frora the above observations that potassium 
c&rboxide has the formula C|,(OK)g, or that this compound is 
contained in it. Liebig, who prepared it by heating potassium in 
a current of carbonic oxide, says that the development of the 
idea that carbonic oxide ja a radical has led to most singular 
and remarkable results* The most remarkable, however, of 
which Liebig coidd have no conception, is a direct synthesis of 
benzene- derivatives from inorganic bodies,* which is more simple 
than any other. 



QUERCITOL, C^(OH)s. 

1023 This body was found by Braconnot m the acorn {the fruit 
oiQuereu^ race-mosa and Quctcus sessili/lora), and considered by him 
to be milk-sugar (swcre dc lait).^ Dessaignes found that this "acorn- 
sugar" [gucre de glands) is a distinct compound, and gave to it 
the name now generally used.* He also found it in the rind of 
the acorn,' and the leaves of the fan-palm {Chavu^vps hnmUis)? 

' Bar. DmOtch. Chan. Or*, iviii. 18^3. 

* Nietzki and BenckUer, ibid. lix. 293. 

* Ann. Chtm. Pkarm. xi. 162. 

• Nietxki «nd BenckisCT, Bcr. DeuUeA. Chem. Oca. iviiL *(9. 

• Ann. Ckini. Phyt. (3). uvii. 392. 

• Ann. Cheat. Pharm. liui. 103, 251 ; Comfl. Urnd. luiii. 303 ; 482. 
' BottiDKor, Liebi^a Ann. ccii. 2fl9. 

* Ungo Hulkr, priT&te uunnnimicitiou. 
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In order to prepare it, the cold concentrated extract of the acoi-n is 
decomposed with lead acetate to precipitate tannin, colouring 
matters, &c., and yeast added to the filtrate to remove glucose. 
The liquid, freed from lead. Is evaporated until ci^-stallization 
commences, and the crystab, to which inorganic salts still adhere, 
purified by recrystallization ftwm dilute hydrochloric acid.^ 

Quercitol has a sweet taste, and is more readily soluble in hot 
water than in cold, but is insoluble in absolute alcohol or ether. 
It crystallizes in mouoclinic prisms, melting at 225°, and is 
dextrorotatory.* On dry distillation it decomposes with for- 
mation of quinol, quinhydrone, and other bodies. These are also 
formed, together with benzene, phenol, and iodopheuol, when it 
is heated with concentrated hydriodic acid. Volatile iodides are 
obtained at the same time, which on heating with an excess of 
hydriodic acid are transformed into hexane (Prunier). Quercitol 
is also obtained as already stated by the oxidation of quinone 
(p. 155). 

The five hydroxyls of quercitol can be successively replaced 
hy acid radicals. By heating with hydrochloric acid, chlorides are 
formed', the final product being pentaquercylchloride, CgH,Cl^, 
which crystallizes in needles melting at 102°. 

Pentanitroxyqiienitol or ni/roqua-citol, CgHj(N05)g, is obtained 
by the action of a mixture of concentrated sulphuric and nitric 
acids, and forms a transparent, resin-like mass, in.<H)luble iu water, 
but readily soluble iu alcohol.* Various ethereal salts are ob- 
tained by heating quercitol with fatty acids or their anhydrides. 

PentacetoipuTcitol, G^{OC^fi\, is obtained by the continued 
heating of quercitol with acetic anhydride, and is an amorphous 
mass which ia readily soluble in alcohol, slightly in water, aud 
tastes very bitter.' 

Quercitol probably has the following constitution : — 

CH, 

/\ 

HO.HC CH.OH 

HO.HC CH.OH 

\/ 

HO.CH. 



» Pmnier, Ann. Chim. Phyi. (5), iv. 1. 

■ Bcrtholot, Chim. Org. ii. 218 ; Prnnier, loe. ett. 

' Hofmsnn, Ann. Chem. Pharm. cio. 2H2. 

• For (rthcr ethetrsl salts see Prunier, iiw. eU., and Barthelot, Chim. Org. ud 

on. Chim. PAyi. (3), Ilv. 82. 
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Amidobenzene, or Asiline, CflHjNH,. 

1024 By the dry Jistillation of iudigo, Unverdorbeu iu 182C 
obtained, together with other products, a peculiar liquid body, 
wbicb combined with acids to form crystallizabic salts, and 
which be named " crystalline." ' 

Runge, in 1834, found a volatile basic compound in c<jal-tar 
oil, which gave an azure-blue colouration with bleaching powder 
solution, while the solutions of its salts were coloured violet- 
blue. He accordingly named the new compound " blue-oil " or 
" kyanoL" * He also found that it coloured pine-wood and the 
pitli of the elder-tree yellow, and that when a solution of cupric 
chloride is spread on a porcelain plate heateil to 100°, and after 
it has become dry a drop of kyanol nitrate solution added, a 
greenish-black spot is obtained.* 

Fritzsche, in 1840, examined the products which are ob- 
tained when indigo is distilled with caustic soda or caustic 
potash, and found among them a basic oil, which has the 
formula CgHjN,and fwmis salts which crystallijM well. This he 
oametl aniline,* the word being derived from anil (niUt, ludian, 
blue ;t anil, Arabic, the blue), under which designation the 
Portuguese introduced indigo (tirBiKov. irtdiatm, the Indian 
colour), which was known to the Greeks and Roraaus, into 
Europe. 

In a postscript to this memoir, Erdmaim says that aniline is 
undoubtedly identical with kyanol. 

Two years later Zinin foimd that when an alcoholic solution of 
nitrobenzide (nitrobenzene) is saturated with ammonia and then 
treated with sulphuretted hydrogen, an oily, basic liquid, which 
he named bcnzidam, is obtained, which forms crystallizablo salts 
and has the formula CgH,N.* Fritzsche then observed that this 
substance is simply aniline. 

The identity of the three bodies was then experimentally 
proved by Hofinann,' who proposed to name the substance 

' Pogy. Ann. viiL 387. 

» Ibid. «xi (15, 61S [ sxxM. 331. 

* Etuign «iu thurernre the first to observe the foriaatian of uiilino lilark, 

* Joam. Prakt. Chrm. xx. 453. ' Ibid, tivii 140. 
' ^itn. Chtm. Phana. xlviL 37. 
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phenaniidc, but when aniline waa recognized aa a compound 
ammonia this tenn was altered to phenylamine. Since, however, 
the aromatic amines differ in many points from those of the 
fatty bodies, they were called am ido-corn pounds, according to the 
proposal of Griess, and hence aniline obtained the name amido- 
benzene (p. 22). 

Aniline is not only found in the distillation products of coal,^ 
but also in those of bone* and peat. In order to prepare it, 
nitrobenzene is always used. Zinin's method is nut generally 
employed, although it is convenient for the reduction of other 
nitro-com pounds. In the case of nitrobenzene the reaction 
proceeds aa follows : 

CbHj.no, + SHjS = C0H5.NH, + 2H^0 + 3S. 

Hofmann found that zinc and hydrochloric acid can also be used 
for the reduction,' and Wohler showed that aniline is obtained 
when nitrobenzene is treated with caustic soda and arsenic 
trioxide.* In place of the latter grape-sugar may he employed.* 
In the preparation of small quantities it is best to use lin and 
concentrated hydrochloric aeid, or a solution of staimous chloride 
in hydrocliloric acid (Beilstein); 
C,H,.NO, + 3SnClj + 6HC1 = CgHj.NH, + SSnCI, + 2H,0. 

When all the nitrobenzene has gone into solution, the tin is 
removed hy sulphuretted hydrogen, and the solution of the 
hydrochlorido evaporated to dryness or decomposed by an alkali. 

1025 In the manufacture of aniline, iron fihngs and acetic 
acid were previously employed as reducing agents according 
to Bi^champ's method. Since 1864 the cheapei' hydrochloric 
acid has been generally used : 

CJTj.NO, + 3Fe + CHCI = CoHs.NHj + 3Fea, + 2Hp. 

The quantity of acetic acid or of hydrochloric acid which ia 
employed is much less than this equation represents. Ferrous 
chloride in presence of hydrochloric acid acts as a further reducing 
agent : 
CnH^.NOj -I- 6FeClj + 6HC1 = CflHyNHj + SFeiClB+ 2H,0. 

This reaction goes on as long aa free acid is present; this ia 
not long the case, aa the aniline which ia produced combines to 



' Vohl, Jaiuvb. 1863, 410. 
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form the hydrocliloride. This, however, in presence of iron and 
nitrobenzene, behaves exactly like liydrochloric acid, free aniline 
Iwing formed, which then reacts with the ferric chloride in 
presence of water, ferric oxide and aniline hydrochloride being 
produced. According to the theory, therefore, a small amount 
of acid is sufficient, when enough ii-oa is present, to convert an 
unlimited amount of nitrobenzene into anihne. 




The cast-iron apparatus which is generally employed is shown 
in Fig. 1 1. It consists <jf three parts, the lower half being made 
in two pieces, so that that which is first destroyed by the acid 
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can be easily renewed. In the cover are the necessary opeuings 
for the agitator and the condenser, and a manhole fur the in- 
troduction of the materials, closed by a woodeu stopper. In the 
bottom ia an opening through which the iron residues can be 
removed. 

40 parts of water, 25 parts of finely-divided cast-iron filings, 
and 8 to 10 paits of hydrochloric acid are placed in the vessel, 
and 100 parts of nitrobenzene (generally 500 kilos) allowed 
to flow in, the agitator being kept in motion. In order to 
start the reaction, steam is blown through, and this ia kept up 
during the gradual addition of 75 parts of damp iron filings. 
which are added as soon as the first violent reaction has ceastKl, 
the mixture not being allowed to get cooL If the filings are 
added too quickly the reaction becomes so violent tliat some of 
the aniline is reduced to benzene and ammonia. Finally, from' 
10 to 20 parta of dry filings are added. Any nitrobenzene 
which ia volatilized during the operation ia condensetl in a 
vertical cooler and flows back into the vessel. If all the nitro- 
benzene has been reduced, the residue consists of aniline, its 
hydrochloride, and ferric oxide. Milk of lime, or sifted slaked 
lime, is then added, and the aniline distilled off in a current of 
high-pressure steam blown through the hollow agitator. The 
distillate separates into two layers; the lower is anihne, the 
upper ia an aqueous solution of aniline containing 2 to 3 per 
cent, of the oil, and is used to provide the steam for the next 
operation. The aniline is then purified by distillation from 
iron vessels. The iron residues are sent to the blast furnaces. 

According to Laurent, small quantities of aniline are formed 
by heating ammonium phenate to 300° for some time.* Berthelot, 
who repeated this experiment, did not obtain a trace even at 
360°;* it ia obtained, however, together with diphenylamine, by 
heating jjhenol with sal-ammoniac and fuming hydrochloric acid 
to 310°,' and also by the continued heating of phenol with 
ammoniacal zinc chloride to 280° — 300°,' phenyl ether being 
formed at the same time. 

Wlien pure benzene is used in the preparation of aniline, the 
aniline obtained is likewise pure, but this is not the case with the 
" pure " aniline of commerce. In order to obtain perfectly pure 
aniline from this, it is converted by continued boiling with glacial 



' Cirmpl. Itr-nit. xt 
' Bnnly nnd Dusri 



, Camja. Knut. 1k« 



ri and Wailh. Ser. /VwhrA. Chem. Gm. xiii. 1 299. 



r 



PROPERTIES OF ANILINE. 



iicetic acid into acatanilide. CgHj.NHCC'iHjO) (p. 210), which is 
jjurified by dislillation, washing with carbon disulphide and re- 
^crystallization from hot wator until its melting-point reaches 
1112°, and ia then decomposed by caustic soda (Beilsteiu). 

1026 Properlica. — Aniline ia a colourless liquid possessing a 
jieculiar and characteristic odour, and boiling under the normal 
yressure at 183°'7.' It has at 0° a specific gravity of 1'038, and 
solidifies at a low tempcraturo to a ciystalline mass, melt- 
ing at — W'. Aniline which is not i»erfectly pure remains liquid 
<>veii at —20°.* Ou exposure to light and air it becomes brown, 
aind the more impure it is tho more rapidly does this colouration 
-take place. It is tolerably soluble in water, 100 ports of the 
solution containing at the ordinary temperature about 3 parts of 
SLoiline ; the solubility increases with tho temperature. Water 
also dissolves in auihne, so that 100 parts of aniline dissolve 5 
yarts of water at the ordinaiy temperature, and somewhat more 
ait higher temperatures.' 

It is miscible with alcohol, ether, and benzene in every pro- 
jjortion. Tlie aqueous solution neither coloura red litmus paper 
"blue, nor turns turmeric paper brown, but changes the violet 
«olour of the dahlia to green. Although it has such a weak 
alkaline reaction it precipitates the salts of zinc, aluminium, and 
iron, and decomposes animoiiiiim salts on heating, 

Bunge long ago pointed out that an aqueous solution of aniline 
as coloured blue by a hypochlorite, or if the aniline be not quite 
jnire. bluish violet, the colour of the solution quickly changing to 
i>rown. Very dilute solutions either give no colouration or only 
a very faint one, but on the addition of a few drops of a very 
«lilute solution of ammoniiim hydroaulpbide the liquid becomes 
rose-red coloured. The limit of this reaction is 1 part of aniline 
in 250,000 parts of water,* 

When aniline, or one of its salts, is mixed with conccn- 
ti^ted sulphuric acid and a drop of a solution of potassium 
bichromate added, a pure blue colouration is obtained which soon 
disappears.^ 

Anilioe coagulates albumen and acts as a powerful poison, its 
action, according to Letheby and Tiimbull, being chiefly on 
the nervoiis system. According to Grandhomme the first symptom 

' Thorpe, Joum. Chirm. Sof. 1880, i. 221. 

* Lucius and HQfHiiuiii, Btr. DmUtck. CJ\em. Oa. v. ISl. 

* AleieJBW, ibid. I. 709. 

* Jafnnemin. ibid. iz. liSS, 
Ana, Chem. Pharm. Uxivii. STft, 
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observed in slight cases of poisoning, cauaed by inhaling the 
vapinir, is a blue colour on tlie edge of the Hps, accompanied by 
a state of mild inebriation ; the gait becomes reeling, the speech 
thick, the head affected, and the face pale, while the appetite 
fails complettdy. In such cases aperients, Buch as Epsom salt, 
Carlsbad salt, &c. are administered ; the use of alcohol aggravates 
the symptoms. In more severe cases, such as arise, for example, 
from saturation of the clothes with aniline, the lips become 
dark bine or even black, and the vertigo so violent that the 
patient falls. In such cases a stimulus in the form of a cold 
shower, internal apphcation of ether, &c. must be applied.' 

Aniline is chiefly used in the colour industry. In the 
laboratory it is frequently employed as a solvent, since it dis- 
solves many substances — e.g. indigo-blue — which are insoluble in 
the ordinary reagents. 



SALTS OF ANILINE. 

1027 Although its basic pro[.icrtics arc feeble, aniline combines 
with acids, forming well-crystalUzable salts. Hence Unverdorben, 
as has been already remarked, gave to it the name of crystalline. 
The salts of aniline have been carefully esamined, but we shall 
here only refer to those which have received technical applications, 
or are specially characteristic. 

AnUiiK hi/drochloride, CjHjN.ClH, is readily soluble in water, 
and ciystaliizes in needles or large plates, which melt at 192°, 
and sublime unchanged. It is prepared on the large scale, 
and generally called " aniline salt " ; tlie platinum chloride, 
(CjHjN JICI)jPtClj, crystalUzes from hot water in yellow needles. 

Aniline sulpIuUe, (C5HjN)jS0jHj, forma a crystalline powder, 
readily soluble in water, slightly so in alcohol, and insoluble in 
ether. This last property is taken advantage of in the separation 
of aniline from methylaniline. 

Aniline nUrate, C^HjN.NOjH, crystaUizes in large rhombic 
prisms or needles, which decompose at 100" with formation of 
nitraniline and other products (B^champ). 

Aniline, oxcUatc, (CaHjN)2CjO,Hj, ia veiy slightly soluble in 
cold water, and crystaUizes from a hot solution in fine tricUnic 
prisms ; it is slightly soluble in alcohol, and insoluble in ether. 
' Rraudhomine, lee. eil. 
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Aniline pkeitate, C^Hj.NHj.CoHjO, is formed by Iieatiiig a 
-mixture of amliue and pheool to bailing for BOrae time, or more 
slowly when the mixture is aUowed to stand in the cold. It 
forms lustrous tablets.which.afterrecrystalUzation from petroleum 
spirit, melt at 31° and boil at 181°. Its smell resembles that of 
phenol, hut is weaker; it does not attack the akin hke the 
latter.' 

Aniline, hke ammonia, combines with many salts, e.g. metallic 
<;lilorides, and also with trinitrobenzeno. By mixing the warm 
alcohoUc solutions of these, the compound 0aHjN.C,H3(N0j)^ 
separates out in orange-red needles, crystaUizing from benzene in 
splendid lustrous plates, which melt at 123° — 124" and rapidly 
give off aniline in the air.' 



SECONDARY AND TERTIARY ANILINES. 

1028 Mclhi/laniline. C^B.i,T^ {011^11. is obtained, togetlier with 
dimethylaniline, by the action of methyl iodide, methyl bromide, 
or methyl chloride, on aniliue,* as well as when the latter is 
heated with methyl nitrate,* or when its hydrochloride or 
hydriodide is heated with methyl alcohol :^ 

CgHj.NHyHCI + CHj.OH = C,H5.N(CH3)H.HC1 + H^O. 
C,H5.NHj.HCI + SCHj.OH = CBH,.N(CH3),Ha + SH^O. 

In all cases dimethylaniline is preferably formed, and there- 
fore a portion of the anihne remains unattacked. In order to 
separate the three bases, dilute sulphuric acid is added as long as 
aniline sulphate separates out. After the sulphuric acid solution 
and the free bases have been separated by pressing tlu'ough a 
linen cloth, caustic soda is added, and the mixture which 
separates out dried and treated with acetyl cliloride until no 
further heating takes place ; it is then poure<l into hot water. 
On cooling, methylacetanilide, C(,H5.N(CHj)C3H30. separates 
out in fine, long needles, dimethylaniline hydrochloride remain- 
ing in solution. The former is then decomposed by boiling 

■, Lirbig't Ann. cexTii. SSJ ; G. Dyson. Jatim, Chen, 



' Bftfdy. DingUr't Polyt. Jmim. ixixiiv. 233, 
' PoUrter taA Chappot, Bull. Sot. Chim. ii. (8), BOS ; 
Bcr. Datltck. Clurri. Qa. xvi. 29. 
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with hydrochloric acid(HDfmaDn). The modurately concentrated 
solutiou of the hydrochlorides of the tltree bases may also be 
treated with sodium lutrite in the cold, when diazobenzene 
chloride aud mtrosodimethylaraine hydrochloride ramain in 
solution, while nitroaomethylaniline, CuHs.N(CHa)NO, scpomt^ 
out as an oil, which is extracted with ether and converted into 
methylaniline by treatment with tin and hydrochloric acid.' 
Pure methylaniline is also obtained by the action of methyl 
iodide on sodium acetanihde, CjH5N(CjHgO)Na,and the decom- 
position of tlie compound thus obtained by caustic potash.* 

Methylaniline is a Hquid resembling aniline, boiling at 102°, 
and giving no colouration with bleaching powder solution. 

N-Urostmielhylaniline, CgHjNCCHJNO, is a light yellow oil 
possessing an aromatic odour. It is not volatile in steam.' 

loag Dirftetkylamline, CgH5.N(CHj)j,, is easily obtained pure by 
heating trimethylphenylammonium iodide* in a current of 
hydrochloric acid, as well as by the dry distillation of its 
hydroxide. It forms with trinitrobenzene tlie compound 
CgIl£,N(CHj)j.C8H3CNO,)5, which crystaUizes in fine, lustrous, 
dark violet needles (Hepp). It is a colourless liquid, boiling at 
192°, and sohdifying at 05'. 

It is manufactured on the large scale, and employed for making 
colours, but the material used for this purpose, as already 
explained, is not the pure conijraund, but contains more or less 
methylaniline, and sometimes aniline. It was first prepared 
with methyl iodide, which is still used in the colour industry for 
other purposes, but when the price of iodine roac methyl nitrate 
was employed as a substitute. By the use of this very explosive 
substance, however, many fatal accidents were caused, and com- 
mercial " methylaniline " was then prepared from aniline hydro- 
chloride and wood-spirit — a method which is still employed. 
The mixture is heated for some hours in an autoclave (Figs. 12 
and 13) to 250° — 280°,a mixture of 100 parts of aniline hydro- 
chloride with 60 to 80 parts of methyl alcohol, or 40 parta of 
aniline hydrochloride, 30 parts of aniline, and 45 parts of methyl 
alcohol being used. The latter must be pure and quite free 
from acetone, because this not only diminishes the yield of 
dimethylardline, but yields a product whicli is of little value 
for the preparation of methyl-violet.* 

' Nbltiofc and Boasson, Btr. DciUich. Chria. Gi-ji. z. 7B5. 

' Hcpp, ibid. 327. * Fi*.bor, liaij^, Jnn. cxc 151. 

* Merril, Jmtm. Pratt. Chan. (21, jrii. 286. 

> Eromeruid GroOiky, Bcr. DaUach. Vhen. Ga. xiiL 1006. 
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III Addition ki methylamline and dimethjlanilinp, t!ie jiro- 
duct contaiuB higlii^r boiling bases, such as dim ethyl tot uidiiie, 
G,H/CH,)N(CK,)j, (UmethylxyUdine, CgHg(CH3)jN(CHg)5. etc., 
which are obtained by thu entrance of methyl into the benzene 
nucleus.' The portion boiling between 198" — 205° forms the 
technical mothylaniline. 




Aa methyl chloride is now prepared on the large scale it is 
used in the manufacture of " methyl aniline." A mixture of 
caustic soda, or milk of lime, and aniline is heated to 100°, and a 
stream of methyl chloride passed in, the mixture being well 
agitated fFig. 14). The proportions of the materials correspond 
to the following equation ; 



C,Hj.NH, + 2NaOH + 2CH,Cl = 2NaCl - 
1 Hnfmiiin ad<I Martins, £cr, DrutieK. Ckcm. (!a. iv. 7 



2H,0 - 
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The pressure must not exceed six atmospheres. The methyl- 
auiline is then driven over with steam, and contains about 5 per 
cent, of monomethylaniline, but no other by-products. 

Triinethylphenylammonium iodide, (CHj)jCgH5.NI, is a crystal- 
line body which is formed by a violent reaction when methyl 
iodide and dimethylaniline are brought together. The hydroxide, 
obtained by means of silver oxide, is crystalline and very corro- 
sive, and tastes very bitter. It is very deliquescent, but its salts 
crystallize well, the picrate being very slightly soluble in water.^ 

Faranitrosodimethylaniline, CqJI^(NO)^(CBl^)^ is obtained by 
the action of amyl nitrite, or sodium nitrate, on dimethylaniline 
hydrochloride.* It is prepared on the large scale as follows: 
10 parts of dimethylaniline are dissolved in 50 parts of concen- 
trated hydrochloric acid and 200 parts of water, and the cold 
solution gradually mixed with a solution of 5 7 parts of sodium 
nitrite in 200 parts of water. The hydrochloride is thus ob- 
tained, crystallizing in small sulphur-yellow needles. By de- 
composition with potassium carbonate the free base is obtained, 
which crystallizes from ether in large green plates. On boiling 
with caustic potash it splits up completely into dimethylaniline 
and nitrosophenol, or quinonoxime, CgH^O(NOH). 

It has therefore the following constitution : 

.CHzzCH. 

II \CH=CH^ II 

N N(CH3)^ 

The foregoing decomposition is especially adapted for the 
preparation of piu-e dimethylaniline ; * nitrosodimethylaniline is 
also employed in the manufacture of colouring matters, such as 
methylene blue. 

Boiling-point. 

EthylanUine, CoH5N(C2H5)H . . 204^ 

Ethylmethylaniline, CeHg.NCC^HJCCHa) . 201' 
DiethylaniUne, CoHg.NCCgHj)^ . . . 213"-5. 

Hofmann has prepared several aniline derivatives containing 
other alcohol radicals.* 



^ Lanth, Bull. Soe. Chim. vii. 448. 

^ Bacyer and Caro, Ber, DetUsch. Chem. Ges, viL 963 ; Schraubo, ibid, viiL 
616 ; Wurater, ibid. xii. 523 ; Meldola, Jaum. Chevi. Soc. 1881, L 37. 
* Baeyer and Caro, Ber. Deutsch. Chim. Oea. vii. 963. 
^ Ann, Chem, Phann, Ixxiv. 
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By the action of ethylene bromide on aniline he obtained the 
followiug compounds : ' 

Melting-poiDt, 

Ethylene-aniline, C.H.'f^ small lustrous plates C3° 

\nh.CoHs 



Diethylene-aniline, C,HjNi 



\c.h/ 



NC^i needles . . i:» 



Hydroxy eihylanilmf, CflH6.NH.C3i.0H, is obtained by 
warming aniline with ethylene oxide, and is an oily liquid, 
which boils at about 280°, and givea a green colouration with 
bleaching-powder solution. Its salts are very soluble and crystal- 
lize with difficulty.* 

Hydroxyeihylnutkylaniline or Tnethylphcnyhthylaikine, C^HgN 
(CHjjCjH^OH, is obtained by the continued heating- of methyl- 
aoiline with ethylene chlorhydrin. It is a liquid possessing a weak 
smell similar to that of aniline, and distilling under diminished 
pressure without decomposition. On continued standing in the 
air it is converted into a fine, blue, thick, syrupy liquid, which 
dissolves in water and still more readily in alcohol. Ita salts are 
readily soluble and very deliquescent,^ 

PheniiUaurine, CgHj.NH.CjHj.SOjH, ia obtained when the 
aniline salt of chlorisethionic acid, CjH^Cl.SOaH CVol. III. Part 
II. p. 55), is heated with aniline. It crystaUizes from hot water 
in fine thin plates which have a silky lustre and an acid re- 
action and taste. It gives an intense violet colouration with 
bleaching-powder solution, and on warming its solution with ferric 
chloride it is coloured green and then gradually indigo-blue.* 

1030 PhenylanUijie or diphenylaminc, (C^H^jgNH. — Hofnis-nn 
first obtained this compound by the dry distillation of aniline 
blue,* and then of aniUne and related bodies. It is more simply 
obtained by heating aniline hydrochloride with aniline : * 

CoHb.NHj + CoHs.NH,.ClH = CCflH6)3NH.ClH -f- NH,. 

It is prepared in this way on the large scale, by heating 6 parts 

aniline and 7 parts aniline hydrochloride under a pressure of four 

to five atmospheres, and at a temperature of 250° for twenty-four 

■ JfUirtfb. dusm. 1S5S. 352 ; IS&B, 3SS ; Gretillat, ibid. 1S73, 608 ; Uorley, 
Jter. Dcutsch. Ckem. Oa. lii. 1791. 
' D^mole, AnA. Cktm. Phana. cUxiil. 126, 

* Laun, jier. Vevimh, Clitm. 6a. xvii. 876, 

* JitniM, Joar<i. Ctiem. Soc. 188B, i. 867, ' Ann. Chem. Fharm. cixiii, 160. 

* Do Laim, Gimrd aud CluipotuaDt, ibid. cxl. Hi. 
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hours. From time Ui time the ammonia formed must be alloweJ 
W escape to prevent a traiisformation of the di)>henj-lamiiie into 
aniliae. The prtjJiict is treated with warm hydrcKhloric acid, 
and then a largo quantity of water is added to dissolve the 
aniline Indrocldoride. Free diphenylamine separates out, and 
may be porified by distillation. 

It is almost insoluble in water, readily soluble in alcohol and 
ether, and crystallizes in small monocUnic plates, which have an 
agreeable odour of flowers, and melt at 54°. It boils at 310°, 
and ia a weak base, its salts being decomposed by water. A deep 
blue colouration is pi-oduced by dissohing it in hydrochloric 
acid and adding nitric acid drop by drop ; this also takes place 
when its solution in pure sulphuric acid is mixed with sulphuric 
acid containing nitrous acid, and for this reason it is employed 
as a test for nitrous acid.' 

Of its numerous substitution products only the following will 
be mentioned here : 

Hexn^lro^iphenylamin^ or d'^ncrylainine, (CgHj(NOj)j)jNH., 
is obtained by the action of nitric acid on diphenylamine and 
methyldiphenylamiue.* It is almost insoluble in wat<?r, but 
dissolves somewhat more readily in alcohol, and crystallizes from 
hot glacial acetic acid in light yellow prisms, melting at 238°. 
The hydrogen of tlio imido-group can be replaced by metals; 
the ammonium salt, C,,H,{NO.)flN(NH,), occurs in commerce 
under the name Aurantia ; it forins reddish-brown crystals, anti 
dyes wool and silk a beautiful orange. Goods dyed with this 
colouring matter produce an irritation of the skin and exanthema 
in certain individuals, while on others even concentrated solutions 
produce no effect, llartius has never observed these poisonous 
effects, and considers that they arise from an impurity.' 

Mtthyldipfwnijlamiiie, (C'jHJjNCHj, ia obtained when di- 
phenylamine is heated with methyl iodide, as well as by the 
action of wood-spirit on diphenylamine at 250° — 300°.* On the 
lai:ge scale it is prepared by heating a mixture of 100 parts of 
diphenylamine, 68 parts of hydrochloric acid of specific gravity 
V17, and 24 parts of methyl alcohol for about ten hours, under 
- a pressure of fifteen atmospheres, to 200* — 250". 

Tlie base is separated from the product by caustic soda, dis- 
tillol, and shaken with double its volume of concentrated hydro- 

' F„ Knjip, Brr. Deafj-A. Chm. G'-t. v. ^Si. 

* Onchm, ihUl vii. 130» ; ix. IMn ; Mertcos, ni. 845. 
» Bfr. DetiiMX. CT.rm, Qt». ii. 124?, 

* Ban]]', ihU. iil. 838, 
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chloric acid, when the diphenjlamine hydrochloride separates out 
in the solid form, while the salt of the methyl compound remains 
liquid, and by treatment with a laige quantity of water is 
decomposed.' 

Methyldiphenylamine is a liquid boiling at 283,'. Oxidizing 
agents give various colour reactions with it; with dilute 
sulphuric acid a solution is obtained wluch is very similar to 
that of potassium permanganate. It is employed in the 
preparation of blue colouring matters. 

Triphenylaminc, (C'jHj)gN.— Potassium dissolves in aniline 
with elimination of hydrogen, and formation of the compounds, 
CijHj.NHK and CgHj^.NKj, inasmuch as by the action of bromo- 
b^zene a mixture of dlphenylamine and triphenylamine is 
obtained. Fused diphenylaraine likewise dissolves potassium, 
the product thus obtained yielding tripheny lamina when 
treated with bromobenzene. It crystallizes from ether in 
splendid, vitreous, monoclinic pyramids, melting at 127°. It« 
solution in glacial acetic acid ia coloured green by a little nitric 
acid, but violet, and then blue by sulphuric acid.^ It does not 
combine with acids, and forma no compound with picric acid. 

Parakydroxydiphenylamim, C'^Hg, NH.CgHjOH, is obtained by 
heating quinol with aniline and calcium chloride to 250" for ten 
hours. It is scarcely soluble in cold, slightly soluble in hot 
water and petroleum spii'it, but readily dissolves in alcohol and 
benzene, from which it crystallizes in small plates, melting at 
70°, and solidifying to a scaly mass ; it boils above 340° without 
decomposition. As it b at the same time a phenol and an 
amido-base it forms compounds with bases as well as with acids. 

By heating it with methyl iodide and caustic potash, the methyl 
ether of methylhydroxydipbenylainine. CBH,(NCH3)CgH,.0CH,. 
is obtained as a yellow oily liquid, boiling at 313°, and smelling 
like the violet or geranium. 

Metahydroxydiphenylamhir. is obtained in an analogous manner 
to the para-compound from resorcinol. and ciystallizes in small 
plates having a pearly lustre, and melting at 8]°*5. 

Both compounds are reduced to dlphenylamine by heating with 
zinc dust, while by continued heating with aniline,calcium chloride, 
and zinc chloride, they are converted into dipbenyldiamido- 
benzenes, CpH^(NHCgHj)j, which will be subsequently described.* 



' (lirsrd, Bull. Sae. Chim. xxiii. 2. 

» Mow anil Weitli, Bit. JfeniwA. Cfcwi. G'-a. ti. 1.^1 

■ Calm, aid. rrl 2786 ; Calm and PLUii>, ibid, i 
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103 1 These bodies are obtained by replacing tbe hydrogen of 
"•he amido-group by acid radicula. They are formed by tlie action 
«f aniline on the ethera, anhydrides, and chlorides of the acids, 
«nd also by heating salts of aniline. If more than one hydrogen 
»tom in aniline be replaced by halogens or nitroxyls, and its 
Tasicity thus weakened, or entirely destroyed, no anilide is 
J'ormed on heating with a strong acid, such as acetic acid, and 
«ven acetic anhydride has often no action. An anilide is, how- 
ever, nearly always obtained by heating with an acid chloride 
in a sealed tube. 

When aniline is treated with an acid chloride, aniline hydro- 
chloride is formed, and, being a solid, readily incloses some free 
aniline, thus rendering the action of the chloride incomplete. 
It is therefore better, especially in the preparation of acetyl 
derivatives, to dissolve the aniline, or substituted aniline, in a 
molecule of the acid, and then to add a molecule of the chloride. 
Tbe anilides are decomposed by boiling with caustic soda 
into the acid and aniline. In the case of the higher substituted 
anilides it is often better to effect the decomposition by heating 
with alcoholic ammonia, or hydrochloric acid in a sealed tube. 
It is, however, more convenient to heat with concentrated sul- 
phuric acid to 100°, almost ail anilides being in this way readily 
decomposed. The acid is then diluted with water and neutra- 
lized with an alkali, the substituted aniline being extracted with 
ether, chloroform, &e., or obtained by distillation. 

The anilides are generally slightly soluble in cold water, crys- 
tallize well, and are, by reason of their chemical indifference and 
stability, peculiarly adapted for the preparation of substituted 
anilines, which cannot be obtained by the direct action of halo- 
gens or nitric acid, since these act too violently upon aniline. 
Acetanilide is generally employed in tbe preparation of sub- 
stitution products of aniline, 

Formanilide. CoH5.N(CHO)H, waa obtained by Gerhardt. 
together with oxanilide, aniline, carbon dioxide and water, by 
heating normal aniline oxalate.^ According to Hofmann, the 
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chief product is oxanilido, tut when acid aniline oxidate is 
rapidly distilled, formanilide is ahnoat esclusively formed : 

CaHj.NHj + CgHjO, = CoHj.N(CHO)H + COj + H^jO. 

At the same time by-products are obtained in small quantity.' 
Pure formanilide is easily obtained when ethyl formate is digested 
with anihne.* 

Formanilide is tolerably soluble in cold, and somewhat more 
readily in hot water, and crystallizes on spontaneous evaporation 
of its solution in long, flat, four-sided prisma, melting at 46'. 

Di.phenylformam.idt, {Q^^^{C^O), is obtained as a by- 
product in the preparation of diphenylamine-blue, which is 
formed by heating diphenylamine with oxaUc acid. It is also 
obtained from formic acid and diphenylamine. It is insoluble 
in water, and crjstaUizea from alcohol in splendid orthorhombic 
crystals, which melt at 73° — 74'.' 

ThioformanilUh, CoH5.N(CHS)B:, is obtained by the direct 
combination of sulphuretted hydrogen with phenyl carbamine,* 
as well as by the action of phosphorus pentasulphide on form- 
anilide.' It crystallizes from boiling water in long white needles, 
which melt at I37°"5, and have an intensely bitter taste. 

1032 Acttanilide or pJuni/lacetamtde, CgH5.N(CjH;,0)H. — Ger- 
hardt prepared this substance by the action of acetyl chloride or 
acetic anhydride on aniline.' In order to obtain it, aniline is boiled 
with glacial acetic acid for one or two days, and the acetanilide 
isolated from the product by fractional distillation.' It can be 
further purified by recrystallization from benzene. It is moder- 
ately soluble in ether and alcohol, and shghtly in water, from 
which it crystallizes in lustrous tablets, consisting of small 
rhombic plates. It melts at 11 2°, and boils at 235°. On beating 
it for a long time with sodium ethylatc in a sealed tube to 170° 
— 200°, it forms ethylaniline, but when the mixture is distilled 
from a retort, ethyl alcohol and sodium acetanilide are formed.* 

Sodium acetanilide, CjHj.N(C,H30)Na, is also obtained by 
adding sodium to a solution of acetanilide in xylene;* it is a 
crystalline powder, or a radiating crystalline mass. 

' Ann. Chem. Fharm, r»lu. 121. 

* Hofmann, Jahrab. 1885, 410. 

• Oirard and Willm, iiiA viii. 11B5. 

• Hofmann, ibid. i. 1085. ' Ibid. xi. S3S. 
' Ann. Chfoi. Pharm. Ixxxvii. lOJ. 

' WiUiuns, ibid, cxxxt. SSS. 

■ Seifert, Brr. VetittcX. Chan. Orx. Triii. jaSS, 1S68. 

* Bang!, Ann, Chan. Fhann. Suppl. vii. 1-22. 
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Mercuric acetanilide, (CjH^.NCjHjO)jHg, ih obl^iined by heat- 
ing acetanilide with merc'iric oxide ; it crystallizes from alcohol 
in small neeilles.i 

Acetanilide h/drockloridr, C,Hj.NH(CjHsO)HCl, is formecl by 
passiug hydrochloric acid through a solutioa of acetanilide in 
acetone. It crystallizes in pliable needles, which are decompose 
by water into tlieir components, and are gradually converted into 
aniline hydnM^hltride and acetic acid in the air.* 

When acetunihde ia heated with zinc chloride for several hours 
to 250'— 260°, Mavanilijic. CaHi^N^ClH. a beautiful yeUow 
colouring matter, is obtained, having a splendid moss-green 
fluorescence, which shows brilliantly on silk.* This body will 
be more fully described later on. 

Di-acetanilide, C,Hj.N(C,HjO)„ is formed by heating glacial 
acetic acid with phenyl mustard oil to 130° — 140' : 

C.Hs-NCS + 2C^H,0.OH = C,HiNCC,H,0), + H,S + CO.. 

It resembles acetanilide in its properties, and melts at 111°.* 

Acttfflmethjlatiilide. CaHj.N(CH,)Cia,0, crystallizes from hot 
water in splendid long needles, which melt at 09°'£ and boil at 
245V 

IHphenylaeftamide, (CaHj).N(CjHjO), crystallizes from petro- 
leum spirit in large tablets having a pearly lustre, and melting 
at OS'd." 

Thiacrtanilid-; CHyCS.NH(CjHJ, is obtained by heating 
acetanilide with phosphorus pentasulphide. It crystallizes from 
boiling water in splendid yellowish needles, melting at 75°,^ and 
is soluble in caustic soda, forming a sodium salt which can be 
obtained in compact crystals. By the action of methyl iodide 
a compound ia obtained which baa the composition of methyl- 
thiacetanilide, but which is entirely different from the substance 
obtained by the action of phosphorus pentasulphide on methyl 
acetaniUde. and is therefore named mctbylisotliiacctaiiilide. It 
is decomposed by hydrochloric acid with formation of methyl- 
thiacetate and aniline, from which it follows thiit the methyl in 
combintHl with the sulphur, and that iu the f 'miatiiin of thu 

■ rfiff and OfpenheiiD, BfT. TktUtcJt. Chun. (let. tU. 634. 

■ Nulling and Wrbgortner. ibid, xviii. 1340. 
• PiH-her «od Bndolpb, ihid. i». ISOO. 



T llofmtun, ihid. xL 338. 




isothiacetanilide a molecular cliange has taken place. The con- 
gtitutign of these isomeric compounda is shown by the following 
farmulfe : 

Methyl Lhiacetabilide. MethfluotliiacetiDilide. 

-CHj /SCH, 

CH,.CS— N<; CH,.C<' 

Mcthyltkia/xtamliik, OH.^.C&J^iC'R^C^^, crystallizes from 
chloroform in monoclinic tablets, melting at 58° — o'J". It ia 
insoluble in water and alkalis, and boils, with slight decomposi- 
tion, at 290°.i 

Metkylisothiact-faniUde, CYl^.Q.(^CB.JHC^^, ia readily ob- 
tained by the action of methyl iodide on an alkaline solution 
of thiacetanilide.* It is an oily liquid, boiling at 244° — 245°.' 
On beating it with methyl iodide to 100', a crystalline mass is 
obtained, which is decomposed by water with formation of 
methyl thiacetate and methylaniline hydriodide, the following 
reactions probably taking place ; * 



^CH„ /SCH. 

(1) CHjC^ + CH3I = CHj,.C^I^ /CH, 






/SCH. 
(2) CH,.Cei + H,0 

\N(CH^C«Hj 

= CHj.CO.SCH3 + NH(CHJCoHs.HI. 

MhylisotAiaeetanUid^, CHa.C(SCjHj)NCeHs. is formed when 
alcoholic solutions of sodium ctliylate and thiacetanilide are 
mixed (Wallach). It is a liquid which is heavier than water, 
boiling at 255° — 257° (Wallach and Bleibtreu). On passing 
hydrochloric acid through its ethereal solution, a white mass 
separates out, which is very soluble in water, and forms with 
platinum chloridt!tbeslightly8olHbledouble8alt(C,(|Hj,N.S.HCl)j- 
PtClj. 

Wallach and Bleibtreu have also prepared several other 
isothiacetanilid es. 

1033 GlycolylanUide, C„Hj.NH(CO.CHrOH), is obtained ty 
beating glycoUde with aniline to 130°, It Is moderately soluble 

' Wsllwh, BtT. DimlMh. Chum. Gt>. liii. S28. 

■ Wallach, Hid. x\. lEDS. ■ 'Wftllaeb and BleibCrcD, aid. xii. inSl. 

* WUUch, Uiii. xiii. C2». 
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cold and very readily in hot water, from which it crystallizes 

long prismatic needles, melting at lOS"*.^ 
jPA€ny/^/yc(?<»//orpA«ny/amirfo-acf^icacwZ,(CgH5)NH.CH2.C02H, 

isomeric with the preceding compound. It is obtained by 
beating chloracetic acid with aniline and water, and is tolerably 
soluble in the latter. It forms imperfect crystals, melting at 
126** — 127**, and does not dissolve freshly precipitated mercuric 
oxide, or silver oxide, but, on the other hand, forms a salt with 
copper hydroxide, which crystallizes in small dark green plates. 
In other respects it behaves very similarly to amido-acetic acid.^ 

Several homologues of phenylamido-acetic acid are known. 

Phenyl betaine, — The chloride of this body is obtained by 
lieating dimethylaniline with chloracetic acid : 

CHLv CH3V /CI 

>N-CeH, + CH,C1.C0,H = >N^aH, 

lEther precipitates it from its concentrated aqueous solution in long 

"^hite needles. Its ethyl ether is obtained in a similar manner to 

«thyl chloracetate. With moist silver oxide both compounds give 

^he corresponding strongly alkaline, and deliquescent hydroxides.^ 

By heating the ethyl ether for a long time to 130°, and 

warming the residue with concentrated hydrochloric acid, 

phenylmethylglycocoll hydrochloride is obtained : 

CeH5N(CH3)2Cl.CH2.C02.C2H5 
= CeHgN(CHs)CH2.C02.C2H, + CH3CI. 

CeH5N(CH3)CH2.C02.C2H, + 2C1H 
= CeH5N(CH3)CH2.C02H,ClH + CoH.Cl. 

It crystallizes in prisms, which are readily soluble in water, and 
slightly in alcohol ; on continued heating with water it decom- 
poses into carbon dioxide and dimethylaniline hydrochloride. 

Phenyl heta%namide. — The chloride of this body is formed by 
heating an alcoholic solution of chloracetamide and dimethyl- 
aniline. It forms colourless crystals, which on heating to 110° — 
120** decompose into methyl chloride and methylphenylglycol- 
amide : 

CILv /CI CH3V 

QJl^^^C = >N— CH0.CO.NH, + CH.CL 



chJ/ \ch,.co.nh3 c,r/^ 



^ Norton and Tschemiak, Bull. Soc Chiiru zxx. 104. 

* Ber. DeutMh. Chem. Ges, z. 2046. 

> Zimmennann, Ber. DetUsch, Chem, Ges, xii. 2206. 
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MethylplienyfglycnlamiiU ia also obtained when metliylamline 
ia heated with cliloracetamide. It is slightly soluble in cold, 
more readily in hot water and alcohol, and crystallizes in gmall 
pktes or prisms, having a satin-like lustre, and melting at 163^* 

Phmylimido-adda are obtained by the action of aniline on 
ketonic acids, the oxygen of the ketone being replaced by the 
divalent group CgHjN. 

Anilpyrotartaric add or phenyl - a - imidopropionic add, 
CHa.C(NCrtH4)C0jH, is obtained by mixing ethereal solutions of 
pyrotartaric acid and aniline, the mixture being kept cooL* It 
forms small crystals, which melt at 1 22° with evolution of carbon 
dioxide. On boiling it with water, carbon dioxide, aniline, and 
aniluvitonic acid, CnH^NO,,* which will be described later on, 
are formed. 

Anilacetic acid or phenyl - p ~ imidobult/rw aeiil, 
CHj.C(CbH5N)CHj.C0jH, ia obtained by heating aniline with 
aceto-acetic ether to 150° — 160°: 



C(,H,.NHj + CO; 



■CH,.C0,.C3Hj 



= C,Il,'N=C- 



^CHj.COj.CjHs 



+ H,0 = C8HjN=C: 



/ 



\CHjCO,H 



+ HO,C,H,. 



It forma crystals which are tolerably soluble in water, and very 
readily in alcohol and benzene, It is coloured dark violet by 
ferric chloride, and combines with acids mid bases* 

Oxanilide, CgOj(NH.CaHg)j, is obtained by heating aniline 
oxalate to lflO° — 180° till no more ga^ i^ evolved ; the fomianilide 
produced at the same time can be removed by washing with cold 
alcohol.* It is also formed when cyananiline ia evaporated with 
dilute hydrochloric acid." Oxanilide ia insoluble in water, ether, 
and cold alcohol, slightly soluble in boiling alcohol, and more 
readily in benzene, from which it crystallizes in white pearly 
scales, which melt at 245°, solidifying on cooling to a radiating 
mass. It boils at 320°, but sublimes at a lower temperature in 
small iridescent plates ; its vapour has a penetrating odour 
similar to that of benzoic acid. 

' Silbaritein, Bit. TkuUch. Chan. Get. »vii 2660. 

» Batlinger, Ann. Chem. Fharm. di^tiviii. 83S. * Ibid. cici. 321. 

* Knorr, Btr. DaitKh. Chcm. Gtt. xtIL HO. 

' Oerliardt, Ajin. Chan. Pharm. Ix. 303, 

' Hofmtnii, ibid. Ixxiii. ISO. 
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Thtoxanilide, C^jfNH.CaHJj— When oxanilide is warmed 
with phosphorus pentachloride and the product then treated 
with sulphuretted hydrogen, thioxanilirte is obtained, together 
with &n intensely red-coloured body, which ia removed by dis- 
Bolving the product in caustic soda and pEissing in carbon dioxide ; 
the sulphuretted anilide separates out in splendid plates similar 
to those of mosaic gold, and melts at 133°.^ 

Oxanilic acid, NH(CgHj)CjOg.OH, is obtained by strongly 
heating aniline with a large excess of oxalic acid for ten minutes.* 
The fused mass is extracted with water, the solution boiled 
with lime, and the filtrate after being acidified with sulphuric 
acid extracted with ether.' The residue remaining after dis- 
tilling off the ether ia then recrj^atallized from boiling water. It 
is thus obtained in satin-like needles containing & molecule of 
water ; it crystallizes from benzene in long, fine, lustrous needles, 
melting at 150°.* It forms crystallizable salts. 

£lh^l oxanilaie, NH(CaHs)C,OrOCjHi, ia obtained by the 
continued heating of ethyl oxalate and aniline. It crystallizes 
from alcohol in tablets or prisms, melting at 6(i° — G7°. On 
adding ammonia to its alcoholic solution, jihenyl oxamide, 
(C^JH.N.CjOj.NHj, is precipitated (KUuger). This is also 
obtained by the action of hydrochloric acid on cyananiline. It 
separates from its hot alcoholic or aqueous solution in snow- 
white, hair-like fiakes with a silky lustre, which melt at 224" 
and are easily sublimed ; " the sublimate ia aa light and mobile 
as precipitated silica " (Hofmann). 

Malonanilic add. NH(C„H5)C0.CH,.C0jH.— By heating 
equal molecules of malonamide and aniline to 200° — 220*, 
phenyl malonamide, NH(CflH5)C0.CHj.C0.NHj, is obtained, 
crystallizing from hot water in fine, matted needles, melting 
at 163*, and yielding the calcium salt of malonanilic acid on 
boiling with milk of lime,* It is also formed by heating malonic 
acid with aniline,* and by the following remarkable reaction. On 
passing carbon dioxide through sodium acetanilide, sodium 
acetylphenylcarbonate is obtained aa a crystalline powder. 



' "WBllaoli and Pirtth, Ber. Dtuttch. Chen. Ou. xil 1063 ; Wollncb, ibid. 

it 537. 

' Gerhardtind Lsnrrnt, Anii..CJifm. Fhann. liviii. IB. 

* CUaa, ZeiHehr. Chen. 1868, LIS. 

* Klinger, An». Chrm. Fharm, cIiixit. 266. 

* Freand. Ser. DexMeh. Clu-m. Qia. xviL 133. 

* Eilgheimer. ibid, xvil S3S. 
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which on heating to 130"— 140" undergoes an intermolecular 
change: 

N^cb.6Na = N^cb.6H2.CO.ONa. 

\c0.CH3 \h 

Malonanilic acid crystallizes from warm water in oblique, 
lustrous prisms, which melt at 132", and completely decompose, 
on continued heating, into carbon dioxide and acetanilide.^ 

Anilides of the homologues of malonic, malic, and tartaric 
acids, &c. are also known. 



PHENYLAMIDINES. 

1034 Wallach^ designated by the term amidines a series of 
bases which are obtained from the acid-amides by replacing the 
oxygen atom by the group NR, in which R signifies a monad 
radical or hydrogen. The simplest amidine is acetdiamine, which 

has already been described as acetamide CH-.C-^ 

The phenylated amidines are obtained by treating a mixture 
of aniline and an anilide with phosphorus trichloride, which 
acts as a dehydrating agent;* when acetanilide is employed 
ethenyldiphenylamidine is obtained : 

CH3.C.NH.CeH, + NH2.CeH, = CH3.C.NH.CeH5 + H^O 

Lippmann obtained this compound by the action of phosphorus 
pentachloride on acetaniUde.* According to Wallach and 
Hoflfman ^ the following reactions take place : 

(1) CH3 C0.NH.C^H5 + PCI5 = CH3.CCl2.NH.C«H5 + T0(\ 

(2) CH3.Ca2.NH.CeH, + NH^-CeH, = CH3.C(NCeHg)NH.CeHj 

+ 2HCL 

^ Seifert, Ber. DctUsch, Chem, Oea, xviii. 1858. 

« Wallach, ibid. viii. 1576. • 

s Hofmann, Zeiiaehr, Chem, 1866, 161. 

* Ber. Deutseh, Chem, Oes, vU. 641. 

» Ibid. vuL 1667. 
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The phenylateil amidines are mnnncid baaos, wliich mv scam>ly 
soluble in water but take up its elements when Iwiled with 
<lilute alco)iol, decomposing into ftailiuc aud au aiiiliile. 

On heating those amidines which contain the sroup NH with 
carbon disulphidc. a thio-anilide is formed, together with thio- 
cyanic acid, which combines with a part ot" the aiuidine 
(Bemthsen) : — 
CHg.CCNH)NH.C,Hj + CS, = CH,.CS.NH.CaHj + CNSH. 
MnhenyUipkenylamidinf. CH(NC,Hs)NH.C„H,,— Hofmiiim 
fcst obtained tliis compound by heating chloroform with aniline 
♦o ISO" — 190°, and named it fomiyldiphenykiianiiiie.' iCthyl 
cjrthoformate can be employed instead of cldorofonn,' It ii 
likewise obtained when formic acid is boiled with auihne. or 
'^ffhen the latter ia heated with phenyl carbainine ;* 

CN.C.H, + NH,.C,H. = HCf 

\N(C,HJH. 

"^t crystaiUzes from hot alcohol or benzene in long needles, melt- 
ing at 135° — 136°, and volatilizing at a higher tf mperature with 
^urtial decomposition. On heating it \n 140° — 150° in a utream 
^)f sulphuretted hydrogen, it decomposes into Hiiilinu and 
^hiofDrmanil ide.* 

Mtunytphaij/lamidiiu, Cn^.C(N]I)'Sll.C\}1^. is prepared by 
"lieating auiliue hydrochloride and acetonitril to 170*. It jfl 
ma oily Uquid ha%'ing an alkahne reaction, and is dccomposedi 
■on heating.' 

Ethenyldi^ylumidine. CH,,0(NC,HJNH.C\Hg.— The for- 
^nation of this compound has already been explninnd. It in atiio 
obtained when acetanilide hydrochloride (p. 211) is heated to 
250°, or when aniline hydrochloride is heated with acetonitrile 
to 230° — 340° (Bemthst;n), as well as by the a<:tiiii) of aniline on 
the lAothiacetaniUdes : * 

^SC.H. /NH.CJI. 

•CH^CC + NH.C.H, = CH,.C/ + HS.C,H,. 

In order to prepnre it, 2 parts of phosphonin trirhloriile are 
Sndualiy added to a weli-cooled mixture of 1 part of acKic 

< JUr»». 18SS. IM. * WicIwIhnD. Brr. ltf,UKh. Chm, rtft. IL III. 

• W<^jUi. Aid. is. 4Si. * Bnatlurn, l.id^» Jtm. titu. 3S. 
' Ibut. tUnhr. )M. 

* WsUadi *Dd Blcibtm, ifer. Dnttdi. dm. Ot. ni. I0«3. 
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acid and 3 parts of aniline, and the whole heated for some hours 
to 160°. The resinous mass thus obtained is dissolved in boiling 
water, the cooled filtrate treated with caustic soda, and the 
precipitate recrystalUzed from aicohol.^ 

It forms small needles, melting at 131° — 132°.* and having a 
neutral reaction. The hydrocliloride, C,,H,^Nj.HCl, crystallizes 
in small tablets. The nitrate, C,^Hi,Nj.HN03, is very character- 
btic, and first fonns an oily liquid, which soon solidi&es to a 
crystalline mass. 

Ethenylisodiphenylaviidine. CHs.C(NH)N(CnH04, is obtained 
by heating diphenylamine and acetonitrile to 140° — 150*. It 
forms monoclinic crystals, melting at 62° — ■63°, and is a strong 
base.' 

Isopenlcnyldiphcnylamidim. (CHj)jCj.Hg.C(NCjHj,)NH.C«Hs. 
is a crystalline body, melting at 111°, and obtained by Hofmann 
from valerianic acid. 



CYANOGEN COMPOUNDS OF BENZENE. 

1035 Phenyl earbamiiie, CjHj.NC. — When chloroform is grad- 
ually added to a saturated alcoholic solution of caustic potash 
mixed with aniline, an energetic reaction is set up, and the 
carbamine. which is also called phenyl isocyanide, is formed. 
On distillation it passes over together with aniline ; this is 
removed by oxalic acid, and the residual brown oil dried over 
potash and rectified. 

Phenyl carbamine is a mobile liquid which appears green by 
transmitted, and blue by reflected light; it possesses the un- 
pleasant, penetrating smell of carbamine, and its vapour produces 
on the tongue a characteristic bitter taste, and in the throat a 
sticky sensation. When it is distilled a portion boib constantly 
at 107°, the thermometer then rises rapidly to 230° and it is 
converted into an odourless liquid, which solidiiiea on cooling to 
a splendid crystalline mass.* 

On heating phenyl carbamine to 200° — 220°, a crystalline body, 
probably identical with the preceding compound, is obtained, 
while another portion of the carbamine is converted into the 

> Hnfmaan, Jahrab. ISSG, 114. 

' Piedennunn, Ser, HeuUch. Chan. Qa. tiL E40. 

' ltnmth«-D, Lifbig'i Ann. cxciL SG. 

* Hoftiuwi, jtnn, Cham. Pkann. cilir, 117. 
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; bcnzomtrtle, CflHj.CN.' The aqueous mineral acids 
readily decompose phenyl carhamine, forming aniline and formic 
acid ; fonnaoilidi] occurs Id this reaction as an intermediate product. 
It combines with sulphuretted hydrogen to form thioformaniliile. 
r}ienyl isoryanate or phcnylcarbimide, CO.N.CuH,, Hofmann 
obtained this body, which was formerly called anilocyanic acid, or 
carbanil, by distilling diphenylcarbamide with phosphorus pent- 
oxide ; be then found that it is better to use phenyl methane ;' 






CO.NCeHj + HO.CjHs- 



It is still more readily prepared by the action of carbonyl 
chloride on diphenyl urea or aniline hydrochloride : " 

CgHj.NHj + COCl, = C^Hj.NCO + 2HCL 

2a this manner it can be readily prepared on the large scale.* 

It is a colourless liquid, the vapour of which has a very 
penetrating odour and product's a flow of tears. It readily unites 
■with the alcohols to, form ethers of carbanilic acid, 

PhtnylmTbimide hydroehloride , C0(0gH5}NHCl, is obtained 
by passing hydrochloric acid through pure phenyl isocyanate, 
beat being evolved. It la a crystalline mass, melting at 45°.' 

Phenyl di-isoeyanatt, (CO)j(NC^Hj)j, is obtained in a remark- 
able mimner when the preceding compound is treated with a 
<3rop of triethylphosphine. If, however, the isocyanate be 
present in great excess, crystals appear after some time and 
.gradually increase in number, but the liquid does not become 
solid even when allowed to stand for months." It crystallizes 
from hot ether in thin iridescent plates, which melt at 175°, and 
«3n strongly heating are reconverted into the monomolecular com- 
]fMiund.' By treatment with alcoholic ammonia it is converted 
£aito ^S-diphcnylbiuret : 

-CO. CO, 

CMJ^i )NC„H. = NIT, = (C,HJHN/ >NC,H.. 

\C0/ HjN.CO/ 

» WriUi, Ber. DetUxX. Chrm. Get. vi. 213. 
Uofmuin, Ann. Chem. Pluirm. liniir, B anJ 33 ; Jalireaher. 1858, 343 ; Ber. 
UcA. Chem. Out. iii. S51. 

* lUoUchcl, Ber. Drutsdi. Chem. Ga. ivji. 1SS4. 

* Ihid. iTiiL R«f. 12. 

* Ihid. rvin. n:i. 

* Hofniiuin, ihid. xriii. 78*. 

* Sm. IkMUch. Chen. Ot*. iii. rS5 ; iv. 216. 
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This body ciystallizes 1q prisms, which melt at 164°, aud we 
decomposed by hydrochloric acid with formation of phenyl iso- 
cyanate and ammooia. 

a-Jh'phenylHnrct, NH(CON.H.CgHs)ii. is obtained by heating 
biuret or ethyl allophanate (Vol HI., Part I., p. 373) with 
aiiilitie. It forms crystals which are slightly soluble in alcohol, 
melt at 210°, and are converted by dry hydrochloric acid into 
aniline, cyanic acid, and phenyl isocyanate.^ 

Phenyl isntyanttrate, {GO)g(NG^H^^ is formed when on 
alcoholic solution of phenyl iaocyanuramide is boiled for a short 
time with hydrochloric acii!, nr by heating 5 parts of phenyl 
isocyanate with 3 \mria of potassium acetate for three hours 
to 100°, while if 10 jtarts of isocyanate are employed the com- 
plete polymerization only occurs at 188° — 200° (Hofmann). 
Phenyl isocyanurate crystaUizes from hot alcohol in prisma, 
melting at 270°. 

/'A«ny/i:y(in«r(i/e,{CN)j(OC,Hj)g, is formed on passing cyanogea 
chloride through an alcoholic solution of sodium phenate. It is 
insoluble in water and crystallizes from alcohol in long, &tie 
needles, melting at 224°.* 

lo36FkenylcyanamidcoTq/a7ianilide,C^Il^'!iK(C^). — Cahoora 
and CloSz obtained this substance by passing cyanogen chloride 
through an ethereal solution of aniline.' It is also obtained 
by the action of lead oxide on an alcoholic, or better, alkaline 
aohition of phenyl thio-carbamide.* On evaporating the alcoholic 
solution it remains behind ds a tenacious mitss, which 1)ecomcs 
crystalline in moist air or on continued contact with alcohol, and 
then crystallizes from ether in needles containing three m<ileculea 
of water, and melting at 36' — 37°. When water is added to its 
alcoholic solution, it combines to form phenyl urea, and on passing 
sulphuretted hydrogen through its solution in benzene, phenyl 
tliio-carbamide is formed.* 

Phenyl cyanuramide or triphenylmclamine, (C,Hj.NH)j(CS)g, 
is formed from the preceding compound on standing, or more 
rapidly on heating, and crystallizes from alcohol in hno prisms, 
melting at 162° — 163°. On adding pUtinura chloride to fta 

' Hormann. Bur. Daifaeh. Chan. Of. iv, 285 ; Painrach tnd Salninon, Jimni, 
PmJil. Chcm. [2J, vii. 477. 

* Ilofhunn aud OUhnuseD, Ber. DeuUeh. Chan. Oit. i[i 2S7. 
' Ann. Ckm. Pharm. xc. Bl, 

* Hoftnnnn, Bar. DfUlKh, Chem. Or*. \i\. 3M ; IUtlik«, ibid. jm. T33 ; 
Feuorluin, ihid. xii. 1602; Bsrger, JfoTutfuA. Chtm. v. S17. 

* Weilh, ibid. ix. SIO. 



I solution, a ciyatalline precipitate of (CN)g(CoHs.NH}sPtOIgHj is 

formed.' 

Cyananiiine, C^^■^^^, is obtained when cyanogen is passed 

t.brougb an alcoholic sulution of aniline : 
^^V CoHj-NHj CN C,Hs.NH.Cr:JJH 

^^P C„H,.SH, GN CgH,.NH.C: 



CgHs.NH.C^NH. 



It is insoluble in water, elightly soluble in alcohol, and crystallizes 
in small lustrous plates showing a play of colours ; they melt at 
210° — 220°, and arc decomposed at a higher temperature.* As 
a diacid base it fonns salts with acids, but they are rather 
unstable ; when heated with aqueous mineral acids it is con- 
verted into oxanilide and ox amide. 

Phtnyl (hioeyatiate, CgHj.S.CN, is formed by the action of 
thiocyanic acid on diazobenzene sulphate, or bypassmg cyanogen 
chloride through alcoholic lead thiophenate : — 

(CAS),PIJ + 2CNC1 =2CgH,S.CN + PbCI,. 

It is a colourless liquid boiling at 231°, which on standing becomes 
yellow. An alcoholic solution of potassium hydrosulphide de- 
composes it into thiophenol and potassium thiocyanate.' 

Phenyl thiocarbimide or phenyl mustard oil, C^Hj.N.CS. — 
Hofmann obtained this body by the distillation of Jiphenyl- 
thiocarbamide (sulphocarbanilide) with phosphorus pentoxide, 
and named it sulphocarbanil or phenyl sulphoi'yanide.* It may 
be more simply obtained by heating the thio-carbamide with 
concentrated hydrochloric acid ; * 



CS; 



-NH.C0H5 
NH.CoHs 



- CS=N.C(,Hs + NHj-CflH^. 



It is also formed by the action of tbiocarbonyl chloride, CSClj, 
on aniline,* as well as by the direct combination of sulphur with 
phenyl carbamine,^ and when phenyl isocyanate is heated with 
pboaphonis pentasulphide.^ 

^ Hofmsnn, Bit. DnU*ek. Chem. Of*, iii. 287. 

* Hofnunn. Akh. Chan. Plvirm. livL 121> ; lixiii. ISO. 

» Billettrr, Brr. Deuttch. Ckna. Get. viL 1758. 

*Jakmb. 1858. 8*9. 

» Men and Weith, Zeiitchr. Chan. ISflB. E99. 

■ Rathke, Bar. Dntlark. Chan. Gea. iii 801. 

' Weilh, ibid. \\. 211. 

' Michnel auil I'nUotr, AmcT. Chrm, Joum. vi. 257. 
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It is a liqiiiil having a smell similar to that of ordinary 
mustard oil, boils at 222°, and combines with ammonia and the 
amines to form ureas. It also combines with alcohols, forming 
ethers of thiocarbanihc acid (p. 224}. 

When chlorine is passed through its solution in chlorofonn, 
isocyanphenyl chloride, C'jHj.N.CCL, is obtained as a heavy, 
yellow liquid, boiling at 211'— 212°. It possesses a very iin- 
pleaaant pungent odour, and its vapour attacks the eyes and 
mucous membrane. Dry silver oxide acts on it violently with 
partial carbonization and formation of phenylcarbimide.' 



PHENYLCARBAMIDES. 



4 



1037 Fheni/l urea or carhanihimidc, H(CoH5)N.CO.N'Hj. — 
Hofmann obtained this substance by passing the vapourof cyanic 
acid through cold aniline, and also by the action of ammonia on 
phenylcarbimide, CgH5N(C0). It is, however, most readily pre- 
pared by mixing a solution of aniline hydrochloride or sulphate 
with potassium cyanate, the phenyl urea soon separating out.* 
It is also obtained by heating urea with the theoretical quantity 
of aniline in a sealed tube to 150° — 170." It crystallizes from 
hot water in monocliaic nee<iles, melting at 147°.* It does not 
combine with nitric or oxalic acids. 

Symmetrical diphcni/l urea or carbanilide, CO(NH.CnHs)j, is 
formed by the combination of aniline with phenylcarbimide, 
or by the action of water on the latter, as well as on heating 
phenyl urea, or when aniline is treated with carbuuyl chloride, 
&c.» 

To prepare it, one part of urea is heated with three parts of 
aniline to 150° — 170°* or equal molecules of phenyl urea and 
aniline are heated to 180° — 190°.' 

It is scarcely soluble in water, readily in alcohol and ether, 
and crystallizes in prisms, melting at 235° (Weith). On heating 

1 Sell and Zierold, Ber. DmUcli Cham. Oa. vii. 1223. 

» Jnn. Chem. Pbamt. liii. i7 ; IviL 26S ; In. 130 ; Ixiiv. H ; Weith, Ber. 
SaUnch. Chan. Ga. ii. 820. 
» Fleischer, ibid. ii. 830. 

* Sl«iner. ibid. viii. 618. 

* Hofmann. Ann. Chtm. Phanrt. Ixx. 13S ; Ixiiy. 15. 

* Bao/er, — 



' Weith, Scr. DtuUek. Chtn. Gat. I 
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it with alcoholic auimonia to 140° — 150°, it decompoaea into 
aniline and uren.' 

Asymmetrical diphcnyl una. (CflHJ^.COfNHj).— When the 
vapour of carbonyl chloride ia passed through a solution of 
dipheuylamino in chloroform, diphenylamine hydrochloride 
separates out, and the sfdution containa the chloride of di- 
phenyl urea, (CoH5)jN.COCl, whicli cryatallizea from alcohol in 
beautiful small plates, melting at 85°. By the action of alcoholic 
ammonia it is converted into the urea, which crystallizes in long 
needles, melting at 189°. On distillation with caustic potash, 
it decomposes into diphenylamine, ammonia, and carbon dioxide, 
and on dry distillation, into cyanic acid and diphenylamine.^ 

THphinyl urm. (fi^B.^^.CO.'^{C^B.^)Yi. is obtained by the 
action of aniline on the diphenyl urea chloride descriiwd above, 
and cryKtallizes from alcohol in needtcs, melting at 136° 
(Michler). 

Tdraphtnyl urea. 00(^{Q^^^^, is formed when the chloride 
is heated for some minutes with diphenylamine and zinc dust.* 
It is readily soluble in boiling alcohol and forms small crystals, 
melting at 183°. 

Carhanilic acid, CO J q-t^ '^ '-', ia not known in the free 
state; its ethera, the phenyl urethanes (Vol III., Part I., p. 165), 
are obtained by the action of an dine j)U the ethers of chloroformic 
acid. 

Ethyl carhanilate. C0(0CjHj)CKHC„H5), crystallizes from hot 
water in long needles melting at 51°; it boila at 237° — 238°, a 
small quantity decomposing into phenylcarbimide and alcohol,* 
while in the cold these combine to form the original 
compound. 

Phenyl carlanilaie. CO{OQfi^l^n{C^Yi.^). is formed by the 
action of phenol on phenyl iaocyanatc and phenyl di-isocyanate.* 
It is more readily obtained, and at a lower temperature, when 
aluminium chloride is added to the mi.tture;* it is readily 
soluble iu alcohol, sUghtly in water, and crystallizes in needles 
melting at 121°.^ 



■ Clmu, Bcr. DcvtieJi. Clunn. Get. \x. flflS. 

* Micliler, ibid. ix. SU6 ; 715. 

' Michler uut Ziinmcmian, ibiii. xii. llflO. 

' Wiljn and Wisfhin, Anil. Chem. Pliarm. rxlvii, 167. 

» Hofmaiin, But. DfuiKlt. Chaa. Oa. iv. 249, 

• ly^uckut, aid. xviii. 873. 

' GiUDpOTt, Jmim. Frakt, Chfm. (2], xjiii. 116, 
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1038 Phenyl tkio-carhamidf, HCCeHJN.CS.NHj. is formed by 
the actioD of anunonia on phenyl mustard oil,* and by heating 
ammonium thiocyanate with aniline hydrochloride.* It is slightly 
Boluble iu cold, more readily in boiling water, and still more 
readily in alcohol ; it has a bitter taste, aud crystallizes in needles 
melting at loi". 

Jitkyl phf-nyl tkio-m-rbamidc. H(CbH,)N.CS.N(C,H5)H. is 
obtained by the action of ethylamine on phenyl nmstard oil, or 
of aniline on ethyl mustard oil, and forms monoclinlc crystals 
melting at 99'5°.' 

ZHjiheiiyl thio-carbamide or thioairhanilide, CS{'N'ii.CgH.^\, is 
formed, together with ammouia thiocyanate, when aniline 
thiocyanate is distilled : * 

2CoH,.NHyCNSH = CS(NaC,H5), + CNSCNHJ. 
It is likewise obtained by boiling an alcoholic solution of 
carbon disulphide with aniline, the sulphuretted hydrogen formed 
being removed by the addition of caustic potash.' 

Diphenyl thio-carbamide is scarcely soluble in water, readily 
in alcohol, and crystallizes in small plates melting at Hi". 

On heating it with alcoholic ammonia to J 00°. it is decomposed 
into phenyl thio-carbajnide and aniline." 

TItioearhanilkacid.CSi Qa * *^, is not known in the free 
state ; its ethyl ether, or phenyl thio-urethane, is obtained by 
heating phenyl mustard oil with alcohol,^ as well as by treating 
it at the ordinary temperature with alcohohc potash.* Ethyl 
thiocarbanilate forms triclinic prisma melting at 71° — 72°. 

It behaves as a mercaptan ; by the action of ethyl iodide on 
its silver salt, phenyl urethane ethyl ether is obtained, which 
forms beautiful crystals, melting at 29'5° — 30'5°. On heating 
with dilute sulphuric acid to ISO" — 200°, it is split up into 
aniline and ethyl thioxycarbonate. from which it follows that it 
has the following constitution : — 



■?Pa% 



C^N.^bH. + H,0 = H,N.C.H, + 
\0C,H( 



CO. 



^OO^y 



' Hofmann, Jahnvh. 1858, 349. 

' Suliiir, Ana. C/utn. Pharm. cilviii. S38 ; Clermont, Ber. DmiMi, Chem. Gm. 
ix. 416 ; X. 4B). » Wuitli, Ber. DtuUch. Chcm. Qa. vUi IB24. 

• Hofmnnn, Aim. Chen. Pharm. Ix:c. 112. 
» Weith, Ba. Dadtch, Chem. Oei. vi. B67. 

• Gerhafdt, ibid. ivii. S043. ' Hofmann, ibid. ii. 120 ; iiL 772. 

• R. Suhid', ibid. a.. I3I6. 
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From this we may further conuluda that of tlie following 
FormuUe, 

/SH .NHfC-H.) 

the first, and not the second, which is generally accepted, ro- 
preseuta the constitution of phenyl urethane. It is also possible, 
however, that the second represents the compound in the free 
state, and that on the fonuation of a salt, an int^raiolecular 

rcarrangemeut takes place' 



PHENYLGUANIDINES. 

1039 Pkenylguanidine, C(NH} } ^\C(C H y'^'^''*'^"'^' hy the 
action of alcoholic ammonia ou phenyl thiocarbamide, and is a 
solid body which on standing decomposes into ammonia and 
pheny Icy anam id e. ^ 

IHjihmyl'juanidine or melanilitu, C(NH}CNH.C,Hj)j.— Hof- 
nann obtained this substance by passing cyanogen chloride 
through aniline.' Cyananilide and aniline hydrochloride are first 
formed and then react on each other ; — 

CN.NH.C,H5+NHj.CoH,.Ha = C(NH)(NH.C,HJ^Cl. 

It is. therefore, also obtained by heating the alcoholic solutions 
of these two compounds,* as well as by the action of lead oxide on 
a solntion of thiocarbanilido in alcoholic ammonia.^ In order 
to prepare it. the thiocarhanilide is first treated with concentrated 
Caustic potash, concentrated solution of ammonia and washed 
litharge are then added, and the whole digested on the water 
bath, the liquid decanted olf, and the melaniline extracted from 
tte residue by hydrochloric acid.* It crj-stallizes from alcohol 
in roonoclinic needles melting at 147^ and is a monacid base 
forming salts which crystallize weU. On heating it under pressure 
with concentrated hydrocliloric acid, it forms carbon dioxide, 
tLtomunia, and aniline. 

' Llshnrmann, A*-n. Chrn, Fkitrm. wvii. H2, 
■ rcoettvin, Bo-. Dniiseh. Chem, Om. xiL 1602. 

* Jan. Chtm, Fhann, Ixvii. 12(1. 

* rBhooM and Cluei. ihiit. xf. 93, 

• llotiDiuin, Bar. DiuUeh. Chan. Ota. ii. *G0 ; Sfliri>.ler nuJ Weiili. ihid. 
»3T. 

• lUthlcc, Ofid. xu. T7!. 
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a-Triphcnylgv/inidiru, C(J^C^^Q^^.C^^2^ is best obtained 
by decomposing a boiling alcoholic solution of equal molecules 
of thiocarbanilide and aniline with lead oxide. ^ 

It crystallizes from alcohol in hexagonal rhombic prisms, 
melting at 143°, and combines with acids to form crystalline salts. 

^-Triphenylguanidine,G(Sli.)\ "NJXJcrif^y ^ obtained when 

cyananilide and diphenylamine hydrochloride are heated to 
100'' — 125°. It crystallizes from alcohol in large, strongly refrac- 
tive tablets, melting at 131°. The hydrochloride, CigHj^NjELCl + 
HjO, forms thick tablets or prisms.* When it is heated with 
concentrated hydrochloric acid to 260° — 270°, it takes up water, 
and splits up into carbon dioxide, ammonia, aniline, and 
diphenylamine, while the a-compound, under the same con- 
ditions, only yields carbon dioxide and aniline. 

Tctrapficnylguanidine, C(NH)(N (0^115)2)2, is formed by passing 
cyanogen chloride into diphenylamine heated to 150° — 170*. 
It crystallizes from petroleum ether in rhombic prisms, melting 
at 130° — 131°, and is a monacid base, most of its salts being 
only slightly soluble in water. Concentrated hydrochloric acid 
decomposes it at 330° — 340°, forming carbon dioxide, ammonia, 
and diphenylamine.^ 



HALOGEN SUBSTITUTION PRODUCTS OF 

ANILINE. 

1040 In 1842 Fritzsche found that three of the hydrogen 
atoms in aniline can be replaced by bromine, the tribromaniUne 
which was thus formed being called by him bromaniloid.* This 
compound was investigated three years later by Hofmann, who 
observed that, unlike aniline, it does not combine with acids, 
the basic character of the aniline having been neutralized by 
the presence of the electronegative element. He therefore 
endeavoured to obtain compounds in which only one or two 
of the hydrogen atoms had been replaced by a halogen. The 
action of chlorine did not yield the desired result, as this 
substance acts very violently on aniline, forming resinous pro- 
ducts, among which, however, he was able to recognize 

^ Ilofmann, Brr. Dcutsch. Chem. Grs. ii. 458. 

* AVeith and Schroder, ibid, viii. 294. 
» Weith, ibid. vii. 843. 

* Joui-n, Frakt. Chcm. xxviiL 204. 
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Mohloraniline. He was mora successful when he started with 
isatin, C^HjNOn, which is an oxidation product of indigo, and 
yields aniliiic on distillation with eanstic potash. Ulien the 
substitution products of this substance, wluch had previously 
been prepared by Laureut, were heated with caustic potash he 
obtained the bases monochloraiiihne and mouobromaniline, 
and also dibromauiline, the basic properties of which are much 
feebler than those of the monoaubstitution products,' 

It has been stated in the introduction that those important 
researches were chiefly instrumental in securing universal 
recognition for the substitution theory. Hofmanii himself says 
thut it undoubtedly follows from the facta observed by him, 
that chlorine or bromine can take the part of hydrogen in 
organic compounds, that these preserve their electronegative 
character in the new compounds, and impress it the more 
strongly upon them the greater the number of hydrogen atoms 
replaced by halogens. 

Liehig adds in a note: "The author seems to me to have 
definitely proved by this research that the chemical nature of a 
compound does not in any way depend ujKin the nature of the 
elements contained in it, as is assumed by the eiectrochemical 
theory, but entirely on their arrangement." 

Aniline forms a large number of halogen substitution products, 
■which are prepared by the following methods r — 

1, An anilide, generally acetanilide, is treated with chlorine 
or bromine, the action proceeding much more quietly and 
smootbly than with aniline or its salts. The substituted 
anilides are then decomposed by being heated with an alkali or 
filming hydrochloric acid. In many cases it is better to de- 
compose the anihdc by strong sulphuric acid ; the solution is 
dilated with water, neutralized with caustic soda, and the 
substituted aniline extracted with ether. Iodine and chloride 
of iodine act upon aniline or tho anilides with formation of 
iodine substitution products. 

2. Substituted anihnes are also readily obtained by the 
redaction of the substituted nitrohenzenes with tin and hydro- 
chlorie acid or stannous chloride. 

As already mentioned, the replacement of hydrogen by a 
lialogen weakens the basic character of the aniline. In all cases 
the preaenca of the amido-group can readily he proved hy the 
action of acetyl tliloride, which forms substituted anilides. 
' Ann. (THrm. Pharm. liii. I. 
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CHLORANILINES. 



1041 Orthodiioranitin^, C^.Cl.NHj, is obtained by reducing 
orthocbloronitrobenzene, and is a liquid which does not soUdiiy at 
-14°, and boils at 20r. The hydrochloride, CeH^ClXH^ClH, 
ciyat&IUzes in lat^e rhombic tablets. The picrate is almost 
insoluble in cold water, and only slightly soluble in hot wat«r; 
it is much less soluble in alcohol than the picrate of the para- 
compound. This property is mado use of in the separatloii 
of the two chloranilines. As it is very difficult to obtain 
crthocliloronitrobenzene free from parachloronitrobenzene, a 
mixture of the cboranilines is obtained on reduction, which can 
readily be separated by means of picric acid. Another method 
of separation depends upon the fact that ortbocbloraniline is 
a much weaker base than paracbloraniline. When, therefore, 
tho equivalent quantity of sulphuric acid is added to the 
mixture of the two bases and the whole distilled with water 
the sulphate of orthochlonmiline completely decom]>09es, and 
the base passes over mixed with only a little paracbloraniline.^ 

Melackloraniline may be obtained by reducing metachloro- 
nitrobenzene with stannous chloride (Beilstein and Kurbatow). 
It is a Uquid boiling at 230°, and is as strong a base as the 
ortho-compound, its salts being only partially decomposed on 
boiling with water. 

Paraehlorani/ine. — Hofmann first obtained this compound 
by distilling chlorisatin with caustic potash ; it is also formed 
by the action of chlorine on acetanilide,* but it is best prepared 
by reducing parachloronitrobenzene with stannous chloride 
(Beilstein and Kurbatow). 

It is very slightly soluble in boiling water, but readily in 
alcohol, and forms diamond-hke crystals, very similar to regular 
octahedra, but which belong to the rhombic system,* and melt 
at 70° — 71'. It can be distinguished from parabromaniline, 
which is very similar to it, as it boils without decomposition 
at 230°— 231°. 

Farachloraniline is a powerful base, but its salts have an acid 
reaction. It does not decompose the salts of aluminium and 

' Bcililein snd Knrbatow, jinn. Chem. Pharm. rUivl Sfl. 

' Miira, Jahrulxr. 1860, 849. 

* Oratli, Br^r. DouUeh. Chem. Oes. iii. 153. 
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Farachtoraniline hydrochloride, 0^11,01. NHj.H CI, crystal- 
Uzeg in large, monoclinic prisms. The platinum cliloride forms 
small plates, soluble in water, alcohol, and even a mixture.^ 
the latter with ether (Hofmann). 



irejj 



DlCHLORANILINES, CgHjClj.NJIj.' 

ID43 These may be diatinguished according to the position of 

the chlorine atoms as ortho-, iiieta-, and ^lara-compounda ; in the 

following tables this ia expressed by the numbers, the amido- 

group being assumed to have position 1. 

Qrlhodichloranilines. 

Melting. Boiling- 

point. piiiut. 

(a) Asymmetric (3 ; 4) broad needles . . 71'3° 272° 

lb) Adjacent {2 : 3) needles .... 23-24° 252' 



Mel ad ickh ranil ines. 

4) * long needles . . 

5) needles .... 

6) needles 



Asymmetric (2 
Symmetric {3 
Adjacent (2 
PuradUMoraniline (2 : 5) thick needles 



24.5° 

2o9— 260' 



Trichloranilines, CaHjClj.NHj.' 



Asymmetric (2 
Symmetric (2 
Adjacent (2 



4:5)* needles .... 05—00° 270" 
4 1 6) long needles . . 77o° 262' 

3 : 4) needles . . . . 07 0° 202" 



The second of these was first prejjared by Hofmann. 

Tetrachlobanilines, CbHCIj.NH^, 
Asymmetric (2:3:4:6)^ needles . . . 8S° 
Symmetric (2 ; 3 ; 6 : 6) ' needles ... 90' 
Ailjacent (2:3:4:5)' broad needles . 118 
Pmtachloranilim? CgClj-NHj, crj stals. 



' Beilstein and Kurhatow, loe. 
» Beilgtein and Kurbatow, ..Ibh 

ca«m. 0'». vii. laoa. 

* Beilatein and Kurbatow. 

* Leeimplo, -<»». Chem. Pham. 

* BriLitdiu and Knrbatov. 
' Beilatoin and Kurbntaw. 



Jhcm, Pharm. clu 



i, 85 ; Witt. Ber. DeiOteh, 
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BROMANILINES- 
1043 These are beat obtained from tbe three nitrobrcHBO- 



OrChobromaniline is insoluble in wat^r. but readily dissolves in 
alcohol. It crystallizes in colourless needles, melts at 31°'5, and 
boils without decomposition at 22!)°. 

Metahromaniline forms a colourless, crystalline mass melting 
at 18°— I8'S, and boiling at 251°.« 

Parabromaniline was, as already explained, first obtained by 
Hofmann. It is also obtained by the action of bromine on 
aniline,^ or better, acetanilide,' and forms lar^, well-formed 
crystals, similar to regular octabedra, but belonging to the 
rhombic system.' which melt at 664°,' On heating more 
strongly the hquid suddenly becomes a deep violet colour, and 
between 190° and 270* a liquid distils over, while a residue ia 
left which forms a splendid blue solution in alcoboL The 
distillate shows similar phenomena when redistilled, and can be 
split up hy fractionation into aniline, ordinary dibromaniline, and 
tribromaniline,' 

Parabromaniline hydrochloride, CgH^Br.NHj.HCl, is iso- 
morphous with choraniline hydrochloride (Ho&nann). 

DiBEOMANiLiNES, CgHaBrj.NHy 

Helliiif;- 

Orthodibromaniline (3:4)^ white crystals .... SO'*" 

Metadibrom anilines. 

(a) Asymmetric f2 : 4) " small long plates . . . 79"5' 

(b) Symmetric (3 : 5) '" needles 56*3* 

ParadSrromanilinc (2 : 5) ^' prisms 51° — 52' 

a-Metadibromaniliue was first obtained by Hofmann. It is 

also obtained by the action of bromine on onho- and para- 
cetanilide. Its hydrochloride forms arborescent crystals. 

' Fttti(;(DiI MsRer. Ber. Deutfek. Chan. Gea. vii 1179. 

» Kekuli. Ztilaehr. Chtm. 1866, 687. 

' Atrani, Ann. CAmt. Pharm. clxizviii. 23. 

• Koraer, JahTethir. 1675, B42. 

' Fittiftand Blichner, A%Tt. Chan. Fluinn. ekxxviii, 23. 
■ Rbrner, Jafireiber. 187fi, 342. 

• Hofmann, lot. dt. ; Grinss, Ann. Cfirm, Pkarm. cxxi. 2B8 ; KiirnOT, foe. ei 
WnraUir, Ber. Pnilach. Clum. Oa. Ti. I4S<I ; Meyer and StUbcr, Ann. Che 
Pharm. cixv. 169. 

" KtirnBr. " Ueyar and StUbec 
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TRinROM-isiMSKs. (\H ,Erjf NHj. 

Melting- 
Symmetric (2 : 4 : 6) I long needles 118° 

Adjacent (3 : 4 : 5) * crystab — 

Tlie first of these is also called ordinary tribromamline, be- 
cause it is obtained by tbe direct bromination of aniliiie. Unlike 
the isomeric compouiid, which is obtained by the reduction of 
the corresponding nitrobromobenzene, it does not combine with 
ncida. This compound does not melt even at 130°, and decomposes 
when more strongly heated, 

MriUing- 

TttrahromaniliTU, C,HBr,.NHj (2 : 3 ; 4 : 6) » needles 1 15'3' 
PeiUe^omaniline, CgBryNH,.* lustrous needles . . 222°. 



lODANILINES. 

1044 Mtta-wdaniline, CoHJ.NHy — Griesa obtained this sub- 
stance by reducing metanitro-iodobenzene ; it orj-stallizes in 
small plates melting at 25'.'' 

Para-iodaniline. While chlorine and bromine readily form 
substitution products, iodine does not act directly on most 
carbon compounds. Aniline is among the exceptions to this 
nile, and is readily couvertetl by iodine into iodaniline hydrio- 
dido.' The base may be obtained by the reduction of parauitro- 
iodobeuneue.' To prepare it, acetanilide is dissolved in glacial 
acetic acid and the equivalent quantity of iodine chloride 
added, para-iodacetanilidc, which ciystallizes in rhombic tablets, 
being formed. This is then boiled with concentrated hydro- 
chloric acid, and the solution decomposed with ammonia.^ 

Para-iodaniline crystallizes in needles or prisma melting at 60°. 
It precipitates aluminium salts, but not those of zinc or iron. 
On heating it with ethyl iodide, ethylaniline, dietliy I aniline, and 
free iodine ore obtained. Its hydrochloride crystallizes from hot 
■water in plates, or broad thin needles. 

' 'K.ima j Thtig >nil Bilchiier, Anii. Chtm. Phana. clxiiviiL 062 : WutBter 
^ud Kalting, Ser. iMtUtch. Chan. Oa. viL lSfl4. ' Eomer. 

' WutflCTandKalting; Kiirner. ' Kurncr. 

■ Gluu, Zdttckr. Clifm. IB6fl. 2tR. 

' nnfmann, Atn. Chtm. Ph-rm.. kriL (11 ; MilU, ihi4. cliivi. 35*. 
' ariB«. Zrittthr, Chan. 1868. 2iS ; KcVule, ibul. fl87. 

> Uioliael aixl Nnrtaii, Str. lifvlteh. Chem. Get. li. 108. . 
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Metaili-iodanUiw., CaHsI,.NH,(2 : 4.).— When hot solutions 
of aniline and mercuric chloride are mixed, mercuric phenyl- 
aminonium chloride, N(C|,H5.HHg)Cl, separates out as a yellow 
amorplioua precipitate, which is converted into di-iodamtine 
by an alcoholic solution of iodine.' This compound may also 
be obtained by passing the vapour of two molecules of iodine 
chloride into a solution of aniline in acetic acid.^ It crystallizes 
in needles melting at 95° — 96°, and forms salts which are de- 
composed by cold water. It is converted by the diazo-reaction 
into metadi-iodobenzene. 

TH-iadaniline, CgHjIj.NHj, is obtained by passing three 
molecules of iodine chloride into a solution of aniline in hydro- 
chloric acid. It crystallizes from boiling alcohol in long needles 
melting at 185'5°.^ 



NITRO-SUBSTITUTION PRODUCTS OF 
ANILINE. 

1045 Hofniann and Muapratt found that when ordinary dini- 
trobenzene (metadinitrobenzenej is treated with aleohoUc am- 
moninm sulphide, only one nitroxyl is reduced, and nitraoiliue^ 
CjH,(NOj)NHj, is formed.* This is also the case with the 
two isomeric dinitrobenzenes.* The nitranilines are also obtained 
when the monochloronitrobenzenes, or the corresponding 
bromo- or iodo-compounds, are heated with ammonia : 

CflH,a(NO^ + 2NHj, = CgH^CNH^NOj + NH^CL 

This reaction takes place most readily with the ortho-coiftr 
pounds. The substituted nitrobenzenes containing more than 
one halogen are still more readily attacked by ammonia, but 
only one halogen atom is replaced by the amido-group. 

Nitro-substitutioQ products of aniline are also obtained hj 
heating the methyl- or etbyl-etbera of the nitrophenola witti 
ammonia : 

CaH/NOj)OCH, + NH, = CjH,(NOJNH, + HO.CH^ 

' Rndolph, Brr. ZkuOch. Chfn. Oa. xl 78. 

* Uich&ol snd Norton, loe. cii. 

* Stenhouse, Joum. Clurm. Soe. ivii. 329 ; Hicbael and Korton. 

* Anii. Ckem. Pharm. Ivii 201. 

■ Zincke &nd RinuH, Btr. DetUteh. Chem. Oa. vii. Md uid 1372. 



NITRANILINE3. 433 

Tlie basic character of aniliiie ia weakened much more by the 
introduction of nitnwyl than by that of a halogen atom ; hence 
the mononi tramlines are very weak bases, while the dioitrani- 
iiacs do not combine with acids, and trinitraniline behaves as 
an acid-amide, being decomposed by alkalis with formation of 
ammonia and trinitrophenol (picric acid), on account of which 
reaction it was first named picramide. 



NlTBANILINES, CaH/NOJNH^ 

X046 Orthoniiraniiine may be obtained by the methods given 
sbove &om orthodinitrobenzene, orthonitrobromobcozeDe,' and 
orthomtTanisol.* It is best obtained from sulphanilic acid or 
anilineparaaulpLonic acid, CaH,(NHj)S03H, by converting its 
sodium salt into sodium acetauilidesulphonate by means of 
acetic anhydride. This is dissolved in 5 parts of sulphuric acid, 
"Well cooled, and heated with the calculated quantity of nitric 
acid. The solution is poured on to ice, neutralized with lime, and 
-the filtrate evaporated to a small bulk and boibd with dilute 
sulphuric acid in order to remove the acetyl group. Potassium 
utraoilinesulphonate is prepared from this, and is then decom- 
j30sed by heating with concentrated hydrochloric acid to 170° — 
1 80' ; or thoni tramline separates out from the solution thus ob- 
tained on addition ef ammonia.* It crystallizes in orange-yellow 
oeedles melting at 7l°'5, wliich dissolve in hot water and 
"Volatilize when the solution is boiled. Its yellow salts are very 
\aii8table. 

Metanitraniline ia beat obtained by mixing JO parts of meta- 
<linitrobenzene, 30 parts of 90 per cent alcohol, and 5 parts 
of concentrated ammonia, and passing sulphuretted hydrogen 
■tlirough the mixture, which is warmed from time to time, 
*i_ntil 5 parts by weight have been absorbed. The solu- 
tion ia then precipitated with water, the precipitate boiled 
'^vilh dilute hydrochloric acid, and the filtrate re-precipitated 
^^th ammonia, the metanitraniline being crystallized from 
Vxiiling water.* It crystaUizes in long yellow needles melting 
^t. 114", and subliming in small plates at 100°.^ It has a sweet 

' Walker and Zlncke, Ber. Dcutath. Chen. Oa. t, 114. 

* Sdlcowski, Ann. Chfm. Fluam, clxxir. 278. 

* Kietild and BBnekuer. Bdr. DtuUA.'Chem. Oes. xviii. S9i. 

* Brilatain and KoTbatow, Aim. Chem. Pharm. cbucvi. 44. 

* asbner, S»r. DniUth. Cheat. Ott. x. 1710. 
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burning taste, boils at 285°, and does not precipitate metallic 
salts. Its salts are much more stable than those of the ortho- 
compound, but are decomposed by aniliDe. It is not attacked 
by boiling caustic soda.' 

Paraniiranilinc is obtained in a similar manner to the ortho- 
compound from the corresponding para-compounds, as well as, 
together with the former, by the nitration of the anilides.* 

To prepare it, 1 part of acetanilide is dissolved in 3 parts of 
cooled nitric acid of sp. gr, I'o, the solution precipitated with 
ice-water, and the paranitracetauilide filtered oB* The filtrate 
contains orthoni trace tanilide, which can be extracted with 
chloroform ; both anilides are then decomposed with boiiing 
hydrochloric acid.'' According to Ntilting and Collin, "acetanilide 
is dissolved in 4 parts of sulphuric acid, and to this sfilution, which 
is kept cold by a freezing mixture of ice and salt, the calculated 
quantity of 85 per cent, nitric acid is gradually added, the para- 
compound being formed, together with a little orthonitracet- 
anilide.' If aniline be dissolved in concentrated sulphuric acid, 
well cooled, and then treated with nitric acid largely diluted 
with sulphuric acid, all tliree nitraniiiues are formed. In order 
to separate them, the solution is precipitated by ice-water, neu- 
tralized with carbonate of soda, and distilled, the ortho- and 
meta-compound being found in the distillate, while the para- 
compound remains behind.' 

It crystalhzes from hot water in long, yellow, monoclinic 
needles, which are almost tasteless, and melt at 147°. It is a 
very weak base, and on boiling with concentrated caustic soda 
forms paraoitrophenol (Wagner). Its salts are less stable 
tlian those of the meta-compound, but more bo than those of 
orthouitraniline.' 

DlNITKANILlSES, CuHj(N0j)jNH3. 

Ml' t ting-point ■ 
1 . ■ 1 /o j\7 f yellow monochnic needles 1 , ac 

J^'5™»«'™''iP^'')i^ having, bluish lustre \ ''^ 



Adjacent 



(2 



long yellow needles . 



138° 



' Wignar, Ser. DfuttcK. Chtm. Ga. yi\. T7. 

* Arppe, Jnn. Chan. Pharm. xciii. 3fi7 ; Kofmunn, Jahrab. 1S60, 349, 

* Oretben, Ber. Veutteh. Chna. Oa. ix. 776 ; BciUtein Mid Kurbatow, Litbig'* 
A-aii. cxcviL 83; Witt, Her. DeulKh. Uhtm. Oa. fiii. 144, 

* Ibid. xvii. 201. ' Hiibnor, t*ii x. 1716, 

* Lellnunn, ibid. xvii. S719. 

' GottliEb. Aim. Chem. Pharm. Ltiiv. 24 ; Ruilnew, ZfilaeK. Clurtn. 1871, 
212 ; Engolbardt and I^Ucliinon, ibid. 1370, !33 : Clemm, Joum. Prakt. Chem. 
[i], i. 145 ; SalkowsW, Ajiti. Chcm. Pharm. dixiv. 263 ; Schanmann, Ber. 
Oiutteh. Chem. Oa, zlL 1345. ■ gklkowski, Eisner. 
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Trinitraniline, CeH2(N02)8NH2 (2:4: 6). 

This compound, which is ako named picramide, is obtained 
by the action of ammonia on ethyl picrate and chlorotrinitro- 
benzene.^ It crystallizes from glacial acetic acid in dark yellow 
monoclinic tablets with a violet lustre, melting at 188°. 

Like picric acid, it combines with benzene to form CgH2(N02)3 
NHj + CgH^ crystallizing in broad, light yellow transparent 
prisms, which rapidly lose benzene in the air. It also combines 
with other hydrocarbons and with amido-bases. 

Ficramide-aniline, CgH2(N02)3NH2 + CgH5NH2, crystallizes 
in thick, black, lustrous prisms or very long needles with a 
dark purple reflection, which form a blood-red powder, and melt 
at 123*'— 125^ 

Ficramid€'dim^hylaniline, CgH2(N02)3NH2 + CJl^.l^(Cli^^ 
forms dark blue, lustrous crystals melting at 139° — 141°. 

Both these compoimds decompose in the air, picramide being 
left behind.^ 



CHLORONITRANILINES, CgH3Cl(N02)NH2. 

1047 These compounds are obtained by the nitration of the 
monochloracetanilides, as well as by heating the dichloronitroben- 
zenes with ammonia. The following are known (the first of the 
subjoined numbers gives the position of the chlorine, and the 
second that of the nitroxyl, the amido-group occupying position 1) : 

Melting-point. 

Orthochlorometanitraniline (2:5)* yellow needles . 117° — 118° 

Orthochloroparanitraniline (2:4)* { ^^^elS^ } l^**— ^^^^ 
Metachlorothonitraniline (3:6)* yellow needles . 124° — 125° 
Metachloroparanitraniline (3 : 4) « | ^"^^^^"^^ 156°— 157° 

Parachlororthonitraniline (4 : 2)^ | ^^^fjjg"^ [ 115° 

^ Pisani, Ann. Chem. Pharm, zcii. 826. 

* Mertens, Ber, De%U$ch, Chem, Oca. xi. 843 ; Ilepp, Ann, Chem, Pharm, 
ccxT. 858. 

' Beilatein and Enrbatow, Ann. Chem. Pharm, clxxxii. 98. ^ Ibid. 

* Komer, loc eit, ; Laabenheimer, Ber, Deutsch, Chem, Oca, ix. 1826. 

* Ibid. ^ Korner. 
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Bromonitranilines, C5H^r(N0^NHj. 

Melting-point. 

Orthobromoparanitraniliiie (2:4)^ yellow needles . 104*5* 

reddish 
Metabromorthonitraniline (3:6)* -{ yellow y 151-4* 

needles 

orange- 
Parabromorthonitraniline (4:2)'-{ yellow J- 111*4* 

needles 

lODONITRANILIN ES. 

Melting-point. 

Ortho-iodoparanitraniline (2 : 4)* long needles . . 105*5** 
Meta-iodorthonitraniline (3 : 6) * -j pj^tes I — 

{orange- \ 
yellow V 122* 
needles j 

Besides these substitution products of aniline, many others 
can be prepared containing several halogens, and also nitroxyL 



AMIDOBENZENESULPHONIC ACIDS, 

CeH^CNH^SOja 

1048 Oerhardt, by heating formanilide, oxanilide, or aniline 
with sulphuric acid, obtained an acid which he called sulphanilic 
acid J Laurent considered .that he had obtained this compound 
by the reduction of his nitrobenzenesulphonic acid, but Schmitt 
showed that this was a different substance.® Limpricht, who 
first prepared the three nitrobenzenesulphonic acids in the pure 
state, found that they are readily coTaverted into the amido- 
acids by treating their ammonium salts with concentrated am- 
monia and passing in hydrogen sulphide as long as heat is 
evolved. The solution is then evaporated until all the am- 
monium sulphide is driven off, filtered from the precipitated 
sulphur, and acidified with hydrochloric acid. The amido-acid, 

• KSmer ; Hiibner, Bcr, Deutteh, Chem, Oes, x. 1709. 

• Eomer ; Wurster, ibid, vi, 1542. 

• Eomer ; Meyor and Wurster, Ann, Chem, Pharm. clxxL 59. 
^ Michael and Norton, Ber, DeiUseh, Chem, €h8, xi. 118. 

• Komer. • Michael and Norton. 
' Ann. Chem. Pharm, Ix. 808. • IbitL cxx. 164. 
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wliich separates out after long standiag, is puri&ed by recrystal- 
lization from hot water.' 

Orihamidoixmauiulphonic acid has been carefully examined 
by Limpricht and Bemdsen.* It is obtained by converting 
mtrumetabromobenzenesulphonic acid into the amido-acid and 
heating this with hydriodic acid and phosphoruB.^ It is scarcely 
soluble in cold water, somewhat more readily in hot, and cryatal- 
lizes in auhydrous dull-white rhombohedral fonns, or sometimes 
in thick rhombic plates, mixed with transparent, four-sided, 
pointed prisms, containing half a molecule of water. 

Metamiddicmenesulphojtic acid has also been examined by 
Bemdsen;' it crystallizes in long, fine, anhydrous needles, or, 
oa gradual evaporation of its solution, in transparent monoclinic 
prisms, which contain 15 molecules of water. It is prepared on 
the large scale from the crude metanitro-acid, and is employed 
in the manufacture of colours. 

Paramidohensfncsu/phonic acid is formed by the above reac- 
tions, and also on heating aniline ethybnlphate,'^ and aniline 
porabetizenesulphate, which decomposes into phenol and aul- 
phanihc acid.^ 

According to Schmitt it is prepared by pouring 2 parts of 
fimiing sulphuric acid into 1 part of aniline, warming the mix- 
ture to ISO" till sulphur dioxide begins to escape, allowing it to 
cool, and then pouring it into water. The acid separates out as 
a crystalline mass, which can be purified by recrystaUization from 
hot water. It is employed in the coal-tar colour industry, and 
ia prepared on the large scale by heating 3 parts of concen- 
trated sulphuric acid with 1 part of aniline to 195°; if fuming 
sulphuric acid be used, the reaction proceeds more rapidly, but 
the mixture must not be so strongly heated (Busch and 
Bindschedler). 

Sulphanilic acid ia slightly soluble in cold, readily in hot water, 
and crystallizes in rhombic tablets which contain 1 molecale of 
water, and rapidly effloresce in the air. Dilute chromic acid 
oxidizes it to quiuone. 

' jlim. CTwn. Pharm. iliivii. 7B. 

* Ibid, dzivii. IS. 

* Ibid, clxuvi. 123. 

* Ihid. clxivii. 82. 

* Linipricht. Ber. EnlmJi. Chrm. Ga. vii. J349. 
■ PtnUal and Kopp, ihid. ir. B7S. 



DIAMIDOBENZENES OR PHENYLENEDIA- 
MINES, CoH,(NHj)j. 

1049 Zinin first obtained the me ta-com pound of this groap in 
an impure state by the continued action of ammonium sulphide 
on ordiniiry diuitrobenzene, and called it"8emibenzedam,''*while 
Gerbardt gave to it the name of azophenylamine. Hoftnann first 
obtained it pure by reducing dinitrobenzene with iron and acetic 
acid, and described it aa o-pbenylenediamine, to distinguish it 
from ^-phenylenediamine, which he had obtained from para- 
nitraniline.* Besides their preparation from dinitrobenzene and 
nitraniline, the three diamidobenzenea can be obtained from 
the six diamidobenzoic acids, CBHg(NH3)jC03H, by the eUmioa- 
tion of carbon dioxide, as shown by Griess, who first prepared 
the ortho-compound in this way.' 

Orthodiamidobenzene. 

This body may be obtained by the above-mentioned reactions,* 
and also by the action of sodium amalgam and water on para- 
bromonitraniline.^ It crystallizes from hot water in colourless 
or slightly reddish tablets, and from chloroform in quadratic 
plates; it melts at 102° — 103° (Hubner), and boils at 252° 
(Grieas). 

On throwing a crystal into water it acquires an extremely 
rapid rotation in dissolving, which is still more striking than 
that which is exhibited by camphor. Its isomerides and homo- 
logues behave in a similar manner." 

Orihodiamidobe-mene hydrochloride, CgHjfNHjCl),, is readily 
soluble in water, and crystallizes in groups of radiating needles. 
On adding ferric chloride to its solution, ruby-red needles 
separate out ' having the formula C^s^Hj^N^OtClH), + 5H,0.' 

' Jaurx. PmJrl. Chna. iiiiii. 34. 
' Jahnsb. 1883, 421. 

• SfT. Dmtseh. Chen. Ga. v. 201. 

• Zinckf ami Sintenu, Ber. DnUaeh. Chan. Get. tL 133 ; ZJDcka and Binoe, 
^id. vii. 1374. 

' Meyer wid Wunter, Arm. Cheta. P/uirm. dxiL 68 ; Hlibner, ibid. cat. 
360. 

• Gottermann, Bcr. DuiiMh. Chem. Bet. iviii. 1481. 

» Radolph, Ber. DenUcK. Chem. Be: lii. 2211. 
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On treating an alcoholic solution of the base with a drop of a 
solution of phenanthraquinone, Cj^HgOa, in hot glacial acetic 
acid, and boiling for a short time, a bright yellow precipitate of 
diphenylenequinoxaline, CjoHigNj, separates out, consisting of 
small needles, which are coloured deep-red by concentrated 
hydrochloric acid. In this way 0*5 mgms. of orthodiamido- 
benzene can be detected. Orthodiamidotoluene behaves in a 
similar manner.^ 

On adding a dilute solution of potassium nitrite to a very 
dilute solution of orthodiamidobenzene sulphate, aviido-azo- 
phenylene separates out as any oily liquid, which soon solidifies : 

CeH / + NO,H = CeH / ^N + 2H.0. 

This body crystallizes from a mixture of benzene and toluene 
in needles, with a pearly lustre, which melt at 98**'5 and are not 
acted on by ferric chloride.* 

Dicyanorthodiamiddbenzene, CgHgN^ is obtained by passing 
cyanogen through a concentrated alcoholic solution of orthodi- 
amidobenzene : 

/NHj CN .NH— C=NH 

\NH, CN \nH— C=:NH. 

It crystallizes from hot water in pale yellow rhombic tablets 
readily soluble in alcohol, which sublime wlien cautiously heated, 
but do not melt even at 280**.* On heating it with hydrochloric 
acid to 150° the following reaction takes place : 

/NH— C=NH /N=C.OH 

CeH/ I +2H20 = CeH,< | + 2NH3. 

\NH— C=NH ^N:=C.OH 

The dioxyquinoxyline formed will be described later on. 

* Hinsberg, Ber. DeuUch. Ckem, Gca. xviii. 1228. 

* Ladenburg, ibid. \x. 221. 

* Bladin, ibid, zyiii. 672. 
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MeTADIAMIDOBENZ EKE. 

1050 This compound is obtained by reducing metanitraniliDe, 
metadinitrobenzene,' bromodinitrobeozeae,* and /9-diiiitrobenzoic 
acid, with elimination of carbon dioxide in the latter case.' It 
is also obtained by heating S-diamidobenzoic acid with baryta,* 
and was found by Hofmann in aniline oiL* It is projmred 
from its liydrocliloride by heating with caustic baryta. It 
generally remains liquid for a long time, but solidifiea gradually, 
or, when a crystal of the base is thrown in, suddenly to a crystal- 
line mass, which is scarcely soluble in water but readily in alcohol 
It melts at 63°, boils at 287°, and has an alkaline reaction. 

Metadiamidobemene hydrochloride, CgH,(NHjCl)a, is obtained 
by the evaporation of its aqueous solution in concentrically 
arranged crystala. It is employed in the manufacture of colour- 
ing matters, for which it is prepared by adiiing tin to a mixture 
of hydrochloric acid and dinitrobenzene ; zinc is gradually 
added to the solution to precipitate the metallic tin and so 
bring it into action again. After the dinitrobenzene has dis- 
solved, the metadiamidobcnzcne hydrochloride is precipitated 
by concentrated hydrochloric acid. It is also obtained on the 
manufactiiring scale by reducing dinitrobenzene with iron and 
hydrochloric acid, the solution thus obtained being directly 
employed for the preparation of colouring matters. 

On adding potassium nitrite to the neutral solution of the 
hydrochloride, a yellow to brown colouration is produced accord- 
ing to the degree of concentration ; this reaction is so delicate 
that even less than O'l mgrm. of nitrous acid in 1 litre of water 
can be detected by means of it.* The substance formed is 
triamido-azobenzene or phenylcne brown. 

Tet^amelkylmctadutmvJoicn^cne,C^^.'S^{C'R^^.i» obtained by 
heating metadiamidobenzene with methyl alcohol and hydro- 
chloric acid to 180° — 190°, and decomposing the product with 
caustic soda. 

It is an oily liquid, boiling at 256°, and having a peculiar 
smeU. With methyl iodide it forms the compound CjHjNj(CHj)5l, 
which can be obtained in splendid crystals by evaporating the 

> Hormsna, Jahmb. Ckem, 1861, G12 ; I60S, 422 ; Gerdein&nn, Zeilachr. Chtm. 
186.1. 51, 
' Zincke anil Sintenis, Jier. DmUck Chrm. Om. t. 7B2. 
' Wurstar, ibid. vu. HB. * Aiubiihl and Wuwtat, ibid, tit 2H. 

» Ibul. Tii. 812. ' Grioas, ibid. xi. 62*. 
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nqaeoos solation ; this body is both an ammomum iodide and 
an sniidofaaae, aod therefore combines mth acids.^ 

JiitntaleiramethglmeiadiaTnidobenzene, OeHj(NO)Nj(CH3)(, 
is obtafoed by adding sodium nitrite to a solution of the 
tetiBinetbyl-base in hydrochloric acid. The hydrochloride, 
CaH,(NO}N^CHJ,ClH, thus obtained crystaUizes in lustrous. 
de^ gamet-red, almost black, needles, which dissolve in water 
vi^a fine wine-red colour. On adding caustic soda the solution 
becomes otange-yellow, with formation of the free nitro-base 
whicb may be extracted with ether, and is thus obtained as a 
deep brown oil, which gradually solidifies. It forms colouring 
matters of various shades with phenols and amido-bases.^ 

obtained by Hofinann, together with the preceding compound, 
as a final product of the alternate treatment of motadiamido- 
benzene with methyl iodide and silver oxide ; it forms small plates 
readily soluble in water.' 

Diphenylmctatliamidobemene, CgS^(iiJl.Gg'B.^2' ^ obtained by 
heatdng resorcinoi with aniline, calcium chloride and a little ziuc 
chloride. It readily dissolves in benzene and hot alcohol, and 
crystallizes in flat needles melting at 95'. Its hydrochloride, 
C,H,(NH.CgHJj(CIH),, forms deliquescent needles. Nitric 
acid added to its solution in concentrated suljihuric acid pro- 
duces a yellowish green colouration which soon changes to 
a bluish violet.* 

MdaphmyUne-ozamic acid. C„H,{NHj)NH.CsO,.OH. is formed 
when metadiamidophenol is added to a boiling solution of oxalic 
add ; it is slightly soluble in water, and crystallizes in bushy 
needles, which molt at a vefy high temperature, undergoing 
considerable carbonization.* 

Pasadiauidobenzenk. 

1051 This is obtained in a similar manner to its isomcrides," 
It is best prepared by the reduction of parani trace tauilide with 
tin and hydrochloric acid.^ 

' WnralCTand Moriej. Bir. XUuCiich. Chem. Org. xii. 1814. 

' Witt, Hid. jTiii. 877. * Ilotmiuin, Jahrtther. 1863, 433. 

• (Mm, Bit. Deutaeh. Chem. Sa. xvi. 2702. 
■ KlF"f™'""i Hid. vii IS61. 

• Hofmsnu, foe. eil. ; Zinoko sod Rinae, Ber. DnttirK Chem. Ga. vii. 871 ; 
Htftms and Griess, ZeiUckr. Chem. 186fl, 138 ; Oriruia, Ber. DeiUatA. Chan.. Oa, 

T. SOI. 

' Horbreckfr, Ber. DoUmH. Chem. Oe». r. S20. 



AROMATIC COMPOUNDS. 



To prepare the free base, the hydrochloride is distilled with 
anhydrous sodium carbonate.' It is slightly soluble in water, 
more readily in alcohol and ether, crystallizing from the latter 
in tablets melting at 140° ; it sublimes in small plates, and boils 
at 267°, It is distinguished from ita isomeridea by the fact 
that on heating with manganese dioxide and dilute sulphuric 
acid it is oxidized to quinone. 

ParadiamidolicTizcne hydrochloride, CgH,(NH,.Cl)j, is readily 
soluble in water and crystallizes in tablets which are scarcely 
soluble in hydrochloric acid. Bleaching powder precipitates 
quinone-dichlorimide from its solution (p. 174). 

Dimethyl'paradia'middbe-mene, CeHj(NHj)N(CHj\, is obtainetl 
by the reduction of nitrodimethylaniline or nitrosodimethyl- 
aniline.* It dissolves readily iu water, melts at 41°. and boils at 
257°. It is employed for the manufacture of colouring mattera. 
and as a reagent for the detection of sulphuretted hydrogen. 
The sulphate, which ia employee! for this purpose, may be readily 
prepared from Hdiardhin, CaH,N(CHj)g.N,.CaH,.S03NH:^ a 
commercial azo-colour, by beating it with ammonium sulphide 
on the water-bath until the orange colour disappears. In this 
way it is decomposed into the ammonium salt of sulphanilic 
acid and the free base ; this ia extracted with ether, the solu- 
tion shaken with lead hydroxide suspended in water, and an 
ethereal solution of sulphuric acid added to the filtrate. The 
ether is then poured off from the pulpy mass, and the residue 
warmed on the water-bath with 4 to 6 parts of absolute alcohol 
until the salt separates out in fine ncedlea. It is then washed 
with alcohol on to a filter pump and dried. On treating it with 
a hydrochloric acid solution of sulphuretted hydrogen, a splendid 
blue colour ia obtained, methylene blue being formed.* 

TetramcthylparadiamidobemeTie, CbH^(N(CHj)j)j, is obtained 
by heating the preceding compound with hydrochloric acid and 
methyl alcohol to 170°— 180°, and then gradually to 200°. It is 
slightly soluble in cold, moi-e readily in hot water, and readily in 
alcohol, ciystallizing in small, lustrous, colourless or yellowish 
tablets melting at 51°, and boiling at 260°. Its aqueous solution 
becomes deep violet-blue in the air, and its salts are also 
coloured on addition of oxidizing agents, while its acetic acid 



I 



> Z. Tiachet, ibid, i 
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golutioD is converted by sodium nitrite into nitrosotrimetbyl- 
porsdiamidobenzeDO, C(|H,Nj(CH5)gN0, which crystallizes from 
water in small greenish yellow plates, melting at 98° — 09°, and 
giving Liebermann'a reaction. Tin and hydrochloric acid con- 
vert it into trimethylparadiamidobenzene, CBHjNg(CHj)jH, an 
oily liquid, the salta of which give a splendid reddish-violet 
colouration with weak oxidizing agents. 

On adding potassium fe nicy anide to a solution of the sulphate 
of the tctrani ethyl- base, small blue needles are precipitated, 
possessing a cupreous lustre similar to that of indigo ; these are 
a ferrocyanide,. C,oH„N^Fe^CN),H,. 

The tetram ethyl -base combines with methyl iodide to form 
the compound C|jH,Nj(CHj)5l, which crystallizes in small plates,' 

Mexmethylparadiphcnytammonium iodide, CgHjNjfCHjjglj, 
Hofrnann obtained this compound by the alternate action of 
methyl iodide and silver oxide on paradiamidubonzene ; it 
crystaUizes in small plates (Hofmann). 

ElhyljHiradiaviidohejLieTie, Q^,(^K^1^B.{Q^^, and DUihyl- 
paradiamidobeTizene, CgHj{NHj)N(C;Hj)j, may be obtained from 
ethylaniline and d ie thy Ian i line by the nitroso-reaction, and like- 
wise give colouring matters.^ 

Diplunr/lparadiamidoliemcne, CpHj(NH.CgHj),, is obtained by 
heating quinol with aniline, calcium chloride and a little zinc 
chloride, and crystallizes in lustrous plates melting at 152°. 
Ita solution in concentrated sulphuric acid ia coloured cherry 
red to magenta red by nitric acid." 

ActiylfaradiainiddbeTizene or Amido-acelanilidc, CjHj(NHj) 
(NH.CjHjO), may be obtained by the reduction of nitro- 
acetanilidc with iron and acetic acid, and crystallizea from hot 
water in clusters of long, thin needles melting at IGl*. It is a 
monacid base, and forms crystalline salts.^ 

Amidodiphenylamine, !NH(CaH5)CjHj.NHj, is obtained by the 
action of acetic acid and zinc dust on nitrodiphenylaraine, 
pheaylamido-azobenzeue, CgHj.Nj.CgHj.NHtCyH^), and phenyl- 
amido-azosul phonic acid, the potassium salt of which is known in 
commerce under the name Tropatolin 00. The prothict is 
extracted with water, saturated with caustic potash, and ex- 
txacted with ether. On shaking the ethereal solution with 

' WnrWer, 7«. dl. ; Wmsin and Sulinhif;, JBer. DeuUch. Cfmm. Get. xiL 1807. 
' OehlcT, ibid. liv. BS3 ; Niubiki, ibid. xvi. 470. 
■ Calm, Md. xii. £805. 
* Sietzld, ibid. xvii. 343. 
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dilute sulphuric acid, amidodiphenylamine sulphate separates 
out in small fine platea with a silver lustre. 

On adding ammonia to the hot aqueous solution of the salt, 
and allowing it to cuul, the base crystallizes out in small lustrous 
, plates which melt at 61', and are coloured green by the air. 
Ferric chloride added to solutions 9f its salts, produces a red 
colouration which soon changes into green, while on strongly con- 
centrating the solution a green precipitate is obtained, which 
dissolves in concentrated sulphuric acid with a carmine-red colour.^ 

Diamidodvphenylamine, NH(CjH^.NHg)j, is formed, together 
with paradiamidobeuzene, when aniline -black is boiled with tin 
and hydrochloric acid, or with hydriodic acid and phosphorus.* 
It crystallizes from hot water in small, feather-liko plates 
which melt at 158°, and yields a diazo-compound which is con- 
verted by boiling alcohol into diphenylamine. On oxidation 
it yields quinoae, and ferric chloride colours its solution dark 
green. 

Diphenylamine gives two dinitro-com pounds, one of which is 
yellow and yields diamidodiphenylamine on reduction, while 
the isomeric one is red and yields an oily base (Nietzki and 
Witt). 



CARBAMIDE-DERIVATIVES OF THE DIAMIDO- 
BENZENES.* 

105a On treating solutions of the diamldo-benzene hydro- 
chloridea with a solution of potassium cyanate, phenylene- 
carbamides are obtained : 

.NH.CO.NH, 



C.H, 



NH-CCNH^ 



Orikophenyhne dicarhamide is readily soluble in water and 
alcohol, and crystallizes in delicate needles, which melt at 290° 
and sublime in small plates showing a play of colours. 

Metapkenyhne dicarhainide is only slightly soluble in hot water, 
and less ao in alcohol ; it forms crystals which melt above 300° 
and sublime, with considerable decomposition, in stellate-grouped 
needles.* 

' Niotzlii ana Witt, Bt. DetUtch. CKem. Ga. lii. 139B. 

» Nietiki, iiiri. li. 1097. 

' Lelltnum, .^titi. Chan, Pharm. oczii. 1 ; Lcllmona aud Wilrtliner, ibid, 

* Wiirdor, J5«r. XtnbKh. Chan. Ots. viii. 1180. 
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ParaphenyUne dicarbamide forms small plates with a silver 
lustre, which are extremely diflBcult to dissolve in the ordinary 
solvents, and on heating decompose with carbonization. 

The diamidobenzenes combine with phenylisocyanate to form 
compounds which decompose on heating into aniline and 
phenylene carbamides : 

Orthophenylene carbamide is also obtained by heating orthoni- 
traniline with ethyl chlorocarbonate and converting the nitro- 
phenyl urethane formed, by means of tin and hydrochloric acid, 
into the amido-compound, which crystallizes in long needles, 
melting at 86° and decomposing on strongly heating. 

/NH.C0.0C^5 .NHv 

CeH / = C^H / >C0 + HO.CjH,. 

Orthophenylene carbamide crystallizes from hot water, in 
which it is only slightly soluble, and from alcohol in bright, 
lustrous plates, which become coloured brown and melt at 305**.^ 

Metaphenylene carbamide is also obtained by the action of car- 
bonyl chloride on metadiamidobenzene. It is a white amorphous 
insoluble powder, which commences to char at 300** without 
melting. On heating with hydrochloric acid to 160** — 170^ it 
decomposes into carbon dioxide and metadiamidobenzene.* 

ParaphenyUne carbamide is a brown, insoluble powder which 
carbonizes on heating. 

On mixing solutions of the diamidobenzene hydroclilorides 
with ammonium thiocyanate, thiocyanates of these bases are 
obtained ; those of the meta- and para- compounds are converted 
on heating into the isomeric phenylene-dithiocarbamides, while 
that of the ortho-compound is converted into phenylene-mono- 
thiocarbamide : 

/NH3SCN .NHv /NH, 

C^ / = CeH,< >CS + CS< 

^ Rndolph, Ber, Deutsch. Chem. Ges, zii. 1295. 
* Wichler and Zimmermann^ i6u2. xIt. 2177. 
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The diamidobenzencB also combine with phenyl muatard oil 
fomiiiig amidodiphenyl-thiocarbamides, of which the meta- 
compound melts on heating without decomposition, while the two 
isomerides lose aniline without melting : 

/NH,CS.NH.C.H. ,NH^ 

C„H.< = C,H,; 



^NH, 



\nh/ 



;CS + NHyCoHs. 



This is therefore an example of condensation takljig place in 
the para-series. 

OrtkopJienylene tM^xarlamide is slightly soluble in water, 
readily in alcohol, and crystallizes from ammonia in large, 
colourless plates, which blacken and melt at about 290', giving 
off a vapour which condenses forming plates exhibiting a 
play of colours, and produces on inhalation an intensely bitter 
taste. 

Ortliamidodiphenyl thiocarhamiih forms colourless, lustrous 
prisms, wliich are readily soluble in alcohol and glacial acetic 
acid, with difficulty in benzene, and insoluble in ether. 

Metaphenyhne dithiocarbamide is only slightly soluble in the 
ordinary reagents ; it is more readily soluble in alkalis, and ia 
precipitated by acids in microscopic plates, melting at 215'. 

JHetamidodipkenyl thiocarbamide forms a yellow, amorphous 
powder, or colourless prisms, melting at 147* — 148°, and solidify- 
ing to a vitreous mass. 

Paraphtnykne thiocarhamide forms light brown, almost in- 
soluble microscopic plates, melting at 270° — 271°. 

Paraphcnylene dithiocarbamide is insoluble in water, slightly 
soluble in alcohol, and crystallizca from aqueous ammonia in 
small needles, melting at 218°. 

Paramidodiphcnyl thiocarbamide crystallizes from alcohol 
in red prisms, which begin to fuse at 163° with separation 
of aniline, this being formed in much larger quantity at 185*. 



TRIAMIDOBENZENES, C^H3(NH^j. 

1053 Two of these are known at present : 

a-Triamitlobcnzene (1:2: 3), is obtained by the dry distil- 
lation of triamidobenzoic acid, and is a red or brown crystalline 
mass, melting at 103°, and boiling at SSO". It is a diacid 
base and forms crystallizable salts. If it be dissolved in con- 
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centrated sulphuric acid and a trace of nitric acid ailded, the 
liquid is coloured s. greenish blue and then a fine dark blue.' 

ff-Triamidobemene, (1:2: 4), is formed by the retluction of 
the asymmetrical dinitraniline,' aa well as by the action of tin 
and hydrochloric acid on dinitro-azobenzeneparasul phonic acid, 
C5H,(NOj)»N = N0(HjSO,H.* , It is a crystalline mass which 
soon turns red, melts at 132° — 133°, and boiU at about 340°. 
Like the preceding compound it is a diacid base; its dilute 
Solutions are coloured emerald green by ferric chloride or 
potassium dichi ornate. 



AMIDOPHENOLS, C8H,(NH^0H, 

1054 These compounds are obtained by the reduction of the 
nitrophenols as well as by heating amidosalicylic acid, CpHj(NHj) 
(OH)COOH. and its iaomerides with caustic baiyta. They are 
weak bases; their halogen substitution products, on the other 
hand, behave like phenol, their acid character increasing with the 
number of hydrogen atoms replaced. The replacement of 
hydrogen by nitroxyl acts still more strongly in this way, 

In tliese compounds, as in other amido-derivatives, hydrogen 
can be replaced by acid radicals. It is a characteristic property 
of ortho-amidopbenol that its acid derivatives, like those of 
many other ortho-ami do-compounds, readily lose water and form 
anliydro-compounds : 



C.H.^ 



OH. 



C,H.! 



'\o/'' 



Ortho-amidophenol was discovered by Hofmann, who obtained 
it by the action of sodium sulphide on orthonitrophenol;* the 
reduction may be more readily effected by tin and hydrochloric 
acid.* It crystallizes in small rhombic plates with a pearly lustre, 
wtiich melt at 170° but sublime at a lower temperature. Its 
hydrochloride is readily soluble in water and crystallizes in long 



> Balkomki, AnA. Chtm. Pharm. cUiii. 23. 

' Ibid, dxjtiv. attfi. 

* Juio«>ICf. MmaJjh. Chrm. T. 159. 

* Anil. Chem. Fiiarui. ciii. 351. 

* Cmk and Schmitt, f cjtulfi LtJtrb. iii. 61 ; Ber. DetUath. Chrm. Oa. L 67. 
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Udhylorlko-amidophenalt or Oriho-anisuline, CoHj(NHj)OCHj, 
is formed by the reduction of orthonitranisol, CaHjCNOg)OCHj,' 
and is a mobile, Btrongty refractive liquid, haviag a peculiar 
odour, and boiling at 226°*5. It forms salts which crystallize 
well Methyl iodide acta violently upon it ; if the two subatances 
be mixed aud kept cool by a freezing mixture, methylortho- 
anisidine, CaH,(NH.CHj)OCHj, is formed as a liquid boiling 
at 218'"— 220°.* 

Trimetiiylortho-amidophenol or Trimethylhydroxifph^nyla: 
monium hydroxide, H0.CgH4N(CHj),0H, is obtained by treating 
a solution of ortho-amidopheno! hydrochloride in methyl alcohol 
with 3 parts of methyl iodide, adding a considerable excess of 
caustic potash and allowing the whole to stand, with repeated 
additions of potash, until an acid reaction is no longer produced,' 
The hydriodide thus obtained is decomposed by fireshly pre- 
cipitated silver oxide. The base is readily soluble in water and 
alcohol, but not in ether, and crystallizes in white prisms which 
have an intensely bitter taste. On heating to 105° it forma 
the anhydride : 

/N(CHJ. 



On distillation it is converted into the isomeric orthodimethyl- 
amido-anisol, CH,O.CgH,N(CHg)j, a basic, strongly refractive 
liquid, boiling at 210° — 212° (Grieas, Miihlhauser). The corre* 
spouding orthodimetbylamidophenol, HO.CgHj.N(CHj),, 
formed, together with methyl chloride, by the dry distillation of 
trimetbylamidophenol hydrochloride, and crystallizes in rhomhio 
prisms, which melt at 45° and form an amorphous hydrochloridfii 



Methenylamidopkenol, C^H^ 



\o/ 



^CH, is prepared by heatij^ 



ort.ho-amidophenol with formic acid. It crystallizes in prisms, 
melting at SO'-S, and boiling at 182°-5.* 

Etkeny/amidopkcnol, CgH,^ \C.CHj, is obtained by heating 

ortho-amidophenol with acetic anhydride, and is a basic liquid 
boilbg at 200°— 201'. It is converted by heating with dilute 

' Mtililhiiimer, Liebiq', Ann. CKTii, 335. » Ibid. 

• r.ricsB, Ser. DeuUdi. Chan. Qa. xiil. 21fl, 

* Ludoabiirg, ibid. x. 1124. 
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acids into a(xtslamid(y>h£not, HO.C,H,.NH(CO.CH,),> which is 
also formed by the action of tin and acetic acid on orthonitro- 
phcnul.* It crystallizes from dilute alcohol in small plates, 
melting at 201°. 

1055 Mrtamid&pkfnal is not kuown in the free state, as it is a 
very unstable substance. Its hydrochloride is obtained by the re- 
duction of metanitrophenol with tin and hydrochloric acid ; it 
forma hard, colourless granules, an aqueous solution of which 
soon decomposes and becomes brown.' 

J'aramidopkenol. Fritsehe obtained this compound by the 
^tioa of acetic acid and iron Elings on paranitrophenol.* It is 
l)est prepared by reducing the latter compound with tin and 
liydrochloiic acid.^ It crystallizes in small colourless plates, 
"which rapidly turn brown and melt, with decomposition, at 184°.* 
^t£ alkaline solution becomes coloured violet in the air, and it is 
leadily converted into quinone by oxidizing agents.' The hydro- 
chloride crystallizes in prisms, which readily dissolve in water, 
forming a solution which is coloured first violet and then green 
by bleaching powder (Losaen). 

Mdhi/lparaviidophcTiale or PaTanisidine,Q^/^'S.^OGR^ has 
been prepared by the reduction of paranitranisol,* and forma 
large rhombic tablets, melting at 55''o — 56°"5,'' and boiling at 
245° — 246°." Its hydrochloride crystallizes in long needles, and 
gives a violet colouration with ferric chloride. 

Trimethi/lparamidophetuil, HO.CbH,N(CH^jOH, is obtained 
in a similar manner to the ortho-compound, and crystallizes in 
small plates or prisma. On distillation it is converted into 
paTodimethylamido-anisol, CHfi.C^^(C^^^, wliich crystal- 
lizes from alcohol in small rhombic plates (Griess). 

1056 a-NUramidophenol, CaH;,(NOg)NH,COH), is formed by 
the reduction of o-dinitrophenol. It crystallizes with one 
molecule of water in orange-red prisms, which lose their water of 
crystallization on heating, and then melt at 142° — 143°." 



> Bantlin, ^id. li. SOBfl. 



> B/T. Detilnh. Chem. Oa. ir. 1524. 

■ Uorae, ibid. iL SSI. 

' Ann. Num. Pharm. ex. 1S6. 

* Cook and Sohmitt, K<laiUa Lehrb. iii. 62. 

* Loucn, Ann. Num. Pharm. cbixv. SDfl. 

' Kornor, Jahmb. 1SS7, xxiii and clxxiiL ; Schmitt, Jaum. Prakt. Ohtm, 
[3], xix. 317 ; Andrenen, Hid. xxiil. 173. 

* Ckhoan, Ann. Chem. Pharm. Ixiiv. 300 ; Branch, ZtiltA. Chem. ieS7, 
SOS. 

' Lflssen. Ann. Chan. Pharm. clxxv. 824. 
" Salkownki. Btr. Deuttch. Chem. Oa. vii. 
" Stuckecberg, Liibig'i Ann. cov. flS. 
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^■NUraviidopkfnol crystallizes in red Deedles, melting at 
110°— 111" (Stnckenberg). 

y-Nitramiderphenol i& obtained by boiliog nitrometadiamido- 
benzene with caustic potash, and crystallizea in yellowish red 
plates, melting at 133°— 134°.' 

a-Sinitramidophenol or Picramic acid. CttH,(NO^jSH,(OH). 
By the action of milk of lime or baryta on a mixture of ferrous 
sulphate and picric acid (carbazotic acid), Wohler obtained a blood- 
red solution, and found that it contained the salts of a peculiar 
cryatalUne acid, which he called " reduced carbazotic acid," * while 
Berzehus named it " oitroha^matic acid." ' Giranl, by treating 
picric acid with ammonium Bulphide, obtained a similar com- 
pound, and named it picramic acid;' Pugh then showed that this 
is identical with Wbhler's acid, and that it is also formed by 
the action of stannous chloride on picric acid.* It may also be 
obtained by nitrating a-nitramidophenol (Stnckenberg). In order 
to prepare it, an alcoholic solution of picric acid is evaporated 
with an excess of ammonium sulphide, the residue extracted with 
water, and the filtrate decomposed by acetic acid.* 

Picramic acid (OH : NO, : NH, : N0,= 1:2:4:6), crystal- 
lizes in dark red needles or monochnic prisms, melting at 165°, 
and forming orange-red solutions in water and alcohol, which are 
rendered more deeply coloured by alkalis. 

Potassium picramate, CgH,(NOj)jNHj(OK), ciystallizca in 
long, red, rhombic tablets. 

Ammonium pia-amate, CoH/NOj),NH,(ONHJ, forms dark. 
orange-red rliombobedra. 

Silver picramate, CgHj(NOg)j(NHi}(OAg), ia an amorphous, 
red precipitate. 

Methyl picramatt or l>initranisidine, CgHj(NO^jNHj(OCHj). 
Cahours prepared this compound by the action of alcoholic 
ammonium sulphide on methyl picrate. It crystallizes from hot 
alcohol in dark violet needles, and. like picramic acid, combines 
with acids to form unstable salts. 

ff-Dinitramidophenol, (OH : NO^ : NH^ : NOj= 1:4:6:2). 
This compound, which is also known as iMpicramio aeid. ia 
prepared by heating a solution of benzoylamidosalicylio acid. 
CaHj(NH.CiHj)(OH)CO^H, in glacial acetic acid with nitric 

1 Barhaglia, Ber. JJmttch. Ch<m. Oca. viL 1257. 

' rogg. Ann. liii. 488. » Lthrh. i». 676. 

* .^nn. Chna. Fharm. bociviu. 231 ; Jahrab. 1BE5, 636. 
' Ann. Cliem. Fharm. lovi. 83. 

• Lea, Chan. Iftiet, iv. 1»3 ; ratBrBrn, ZailKh. Chan. IMH, 877- 
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acid; carbon dioxide ia thus eliminated with formalicia of 
benzoylisopicramic acid, which ia then decomposed, by beating 
with hydrochloric acid, into benzoic acid and isopicramic acid. 
This crystallizes from hot water in histrous yellow plates or 
needles, which become brown ou drying, dissolve in alcohol 
or water with a cherry-red colour, and melt with decomposition 
at 170*. 

Potassium u(5>icram.a(f,C(H,(N0j),NHj(0K),ia readily soluble 
in water, and crystallizes in dark blue needles.' 

Diamidophfnol, G^^(^Yi^fiYi, is formed by the reduction 
of o-dinitrophenol,' and ia soarcely known in the free state, 
as it is very readily decomposed. Its salts crystallize well; 
their aqueous solutions rapidly turn brown in the air, and are 
coloured an intense dark red by ferric clJoride or potassium 
dichromate. 

Triamidophenol, CgHj(NH5)sOH. By the action of iodide of 
phosphorus and water on picric acid, Lautemann obtained a salt 
which be nam4?d picrammonium iodide, CgH3(NHgI)j.' Heintzel, 
however, found * that by the re<luction of picric acid with tin 
and hydrochloric acid, the hydrochloride of triamidophenol, 
C|,H,(OH)(NHjCl)j, is formed, and that Laiitemann'a compound 
is the corresponding hydriodide. Gauhe^ denied this, hut 
Heintzel then proved * that triamidophenol, and not triamido- 
benzene, is obtained by the reduction of picric acid. It is also 
formed by the action of tin and hydroclJoric acid on picramide,^ 
one amido-group being replaced by hydroxyl. It ia very un- 
stable in the free state, and its salts also readily oxidize. Its 
dilute solution is coloured a deep blue by feme chloride, 

,NH 
amidotli-imidophenol, HO.C.H,(NH^<^ | , being formed. This 

is a monacid base, the hydrochloride of which crystallizes in 
brown needles with a blue lustre (Heintzel). 



' Dabnry, Amtr. Che>n. Jaurn. v. 20. 
* Gauhfl, Am. Chtm. Pharm. cxivii. fl 
B»r DeviMth. Chan. Ott. viii. 768. 
' Attn, Chr.m. Phana. cur. 1. 
' Ibid. ISBB, 90. 
' Hepp, Attn. Chem. Phortn. ccit. 3! 



; Stncfcenbei^, ilii cov, 06 ; Jlemilian, 
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1057 AraidomUchol, C,H3(NHJ(0HJ,, ia obtained by the 
reduction of citrocatecbol with tin and hydrochloric acid; its 
hydrochloride forma long, dark coloured needles. When the 
free base ia separated by an alkali it immediately oxidizes in 
the air and dissolves with a dark violet colour.' 

Amidoreaorcittol, C(Hj(NHj)[OH),. is formed by the action of 
tin and hydrochloric acid on nitroresorcinol * and phenylazoresor- 
cinol. C,Hj.Nj.CbHs(OH),.» The hydrochloride. C.HjNO^Ha 
+ 2 HjO, crystallizes in large oblique prisma or flat plates, which 
appear colourless when the light passea through the broad faces, 
hut olive-brown when it passea through the narrow ones. They 
become coloured green in the air ; when caustic aoda is ailded to 
the solution a deep blue colouration is produced, which then 
becomes green and finally yellowish brown. Ferric chloride 
produces a deep brown colouration, and then an almost black, 
precipitate. 

Diamidoresorcinol, C,Hj(NHg)j(OH),, has been prepared from 
dinitroBoresorcinol * (p. 143), and from pheuyldiaazoreaorcinol, 
(CeHsNj),CaH,COH}^» The hydrochloride, C.HgN,Oj(HCl)j, is 
rather unstable ; the sulphate. SCgHgNjO^SO^H, + SH^O. forma 
slightly soluble needles. The free base, which is separated by 
alkaUs, rapidly decomposes and becomes brown ; if, how- 
ever, the salt be suspended in chloroform, shaken with a few 
drops of caustic soda solution, and then largely diluted with 
water, it ia coloured bright blue. Ferric chloride produces the 
same colouration, which, however, soon changes into a dirty 
brown. 

TriamidoTcaorcinol, C|jH(NHj)j(OH),, is prepared from trinitro- 
resorcinol, and is very unstable in the free state. The hydro- 
chloride, CBHgN30j(HCl), + H3O, crystallizes in needles, which 
dissolve very readily in water, and are repreci pita ted by hydro- 
chloric acid. They decompose in the air, and become coloured 
red. 

■ Banedikt, Ber. DeutaeK. Chem. Oe». iL 863. 
' WesBlsky, Jnti, Chcm. Pharm. cliii, fl. 

* Meyer and Kreia, Bcr. Dcvitch. Ctimt. Ofs. xvL 1330. 

* Fiti, ibid. viU. 633. 

* LieburmuiD and Kostanecki, ibid. itiL SSI. 
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Amidodi-imidoTesoTcinol, C^HjNjOj+HjO, ia obtained by the 
oxidatioD of t!ie preceding compound, either by passing air 
through its concentrated solutioa, of by the addition of ferric 
chloride : 

,NH, ,NII 

C.HCOH)„(NHJ< + O = C„H(OHUNHj)< I + H.O. 



Ammonia precipitates the compound in green needles, having a 
metallic lustre, wliich are insoluble in alcohol and dissolve in 
caustic potash with a deep blue colour. The hydrochloride 
ciystalUzes in splendid red needles, being only very slightly 
soluble in water, and re precipitated by hyilrochloric acid.' 
When it is heated with an acid to 170°, trihyJroxyquinone 
(p. 157) is formed. 

Phloramine, GgHj(NHj)(OH)jCl : 3 15), is formed whenphloro- 
glueinol is dissolved in ammonia. This reaction is very re- 
markable, as in other phenols the hydroxyl can only be replaced 
by the amido-group with great difficulty. It crystallizes from 
warm water in small micaceous plates, which in the damp state 
rapidly become brown, but when dry do not change. In this 
it differs from amidoresorcinol, which contains the hydroxyls 
in the same positions. Fliloramine has a sUghtly astringent 
taste, gives no colouration with ferric chloride, and only 
reduces sih'er solution when warmed ; most of its salts 
crystallize well. 

Phloramine hydrodilorxdc, CaHjNOj.HCl + H^O, forms needles 
or small plates; the nitrate, CgHjNOj.HNOg, crystalhzes in 
bronze-coloured, and the sulphate (CaH,NOj)j.HjSOi + 2HjO, 
in yellow, needles.^ 

Aifiidodimethylquinol, CgHg[NHj)(OCHj)j, is formed by the 
action of tin and hydrochloric acid on nitrodimethylquino] ; ' 
it is, however, much more readily prepared by gradually adding 
sodium amalgam to an alcoholic solution of this containing 
acetic acid.* 

It crystallizes from hot water in small plates with a pearly 
lustre; it separates from hot benzene in brown crystals, and 
from petroleum spirit in scales with a silver lustre, which in 
thick layers sliow a brown reflection. It readily decomposes 

* Sdireder, ..fnn. Chtm. Pharm. clviii. S50. 

* Hludweti, Und. cxU. 202. 

* HUblh&uier. ihid. ccviL 254 ; Hargatti, Bit. DeuUch. CUm. Gej. xiv. 71. 

* BmbIbt, ibid. xrti. SIIG. 
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even in vacuo and changes into a black mass. Its hydrochloride 
crystallizes in white, efflorescent needles. 

The aqueous solution of the base reduces silver solution, a 
mirror being formed ; on heating it with ferric chloride, small 
greenish plates separate out, which dissolve in water with a 
red colour. 

DirrtethylquinoltHrMthylamTrionium iodide, C^^{OGS.^^ 
(0113)31, is formed when the base is heated to 150'' with methyl 
iodide and a little wood spirit. It crystallizes in fine white 
needles, which melt at 202**, and dissolve readily in water, but 
with some difficulty in alcohol. Moist silver oxide converts 
it into the hydroxide, which has a strong alkaline reaction, 
is exceedingly soluble in water, and crystallizes in transparent 
needles ; the chloride forms white, readily soluble needles, which 
melt at 172** (Baessler). 

Diamidodimetht/lquinol, C^jH2(NH2)2(OCH3)2, is prepared by 
reducing the corresponding nitro -compound, dissolved in acetic 
acid, with tin and hydrochloric acid. The hydrochloride crystal- 
lizes in long, lustrous needles, which melt at 169**, and when 
dried at 100° have the composition C8H12NJO2.HCI.* 



AMIDOTRIHYDROXYBENZENES. 

1058 Amidopyrogallol, CgH2(NHo)(OH)3, is obtained by the 
action of tin and hydrochloric acid on nitropyrogallol. The 
hydrocliloride forms brown needles, which become a greyish 
black on standing ; its solution soon becomes dark and deposits 
a flocculent blue precipitate ; if, however, it be rapidly evaporated, 
a dark blue mass separates out, and the concentrated liquid 
then deposits aggregates of short dark prisms, which dissolve in 
water with a deep bluish violet colour. These become black 011 
standing, and then only partially dissolve in water with a brown 
colour. When a freshly prepared solution of the hydrochloride is 
shaken up with caustic soda, a deep blue colouration, which 
remains for some time, is produced.- 

^ Kariof, Bcr. DnUseh. Chem, Ges, xiii. 1676. 
' Barth, MonaUK Chcm, i. 882. 
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AMIDOTETRAHYDROXYBENZENEa 

1059 Anxidonilrotttrahydroxyhtnzrne. Co(NOj)(NHj)(OH)4, 
()repHred by reducing t.Le potassium salt of iiitraailic acid (p. 169 
^vith ft BolutioQ of stanuous chloride in hjdrochloj-ic acid; 
^separates out iii long, brownish violet ueedles. Its solutiou 
•caustic potash or potassium carbonate rapidly blackeus in tl 
max, the corruspuDdiug quinone bciug formed. 

J)iamidotdra}i,ydrm'ybcnsene, Cg(NHj)j(OH)^. In order 
«=ibtain this substance the method described for the preparation 
«=)f the precc-ding compound is followed, and, after this has 
^separated out. zinc is added until the solution becomes colour- 
less. The hydrochloride of the baa^. Co(NH^Ha)j(OH)p ia 
"fchen precipitated iu long needles by a stream of hydrochloric 
XAcid gas, Tlii; base, wldcli is separated by caustic soda, rapidly 
«:3ecompo3e3 and becomes brown ; nitric acid oxidizes it to, 
-triquinoyl (p. 103). 



AMIDO DERIVATIVES OF QUINONE, 



xo6o Dichhrodiam idoquinoTU or Chloranilamide, C^Cl, 
^NHj),©^, is formed by the action of alcoholic ammonia oB 
cbloranil.^ It forms a dark red crystalline powder with a semi- 
metallic lustre, sublimes when heated, and is insoluble iu water, 
^cohol, ether, and ammonia. It dissolves in alcoholic potash 
■with a violet-red colour, but b decomposed when the solution it 
boiled, chioranilic acid and ammonia being formed. Its violet- 
red solution in sulphuric acid is coloured blue by a tittle water j; 
■when more is added the colour changes to wine-red and tliw< 
compound ia precipitated. 

Amidonitrodih.ydro3tyqmncme, G^IJ^O^Q^'B.^OIO'B)^. WheJl' 
the solution of amid onitrotetrahydroxy benzene in potassium 
oarbonate is sufficiently concentrated, the salt, C(,(NOj}(NHJO, 
(OK)j, separates out in black needles which have a cupreous 
lustre. The black solution of tliis compound is turned yellow 
l>y hydrocljloric acid, and on standing deposits small orange-red 
prisma of the compound Cg(N0^(NH3)0j(0H)0K. 

> l^araut, Ben, JahriA. xxv. SSO ; Knapp uiU Brhultz, Ann. Ch 






ABOJtATIC COMPOnSlK. 

JDi^midodAfdnaffqioMne. C/SR^jOJiOB)^ a obtained id 
nnall. shacat hhA phtet witk a gre^ InstR, bj Ute adifiljoti 
at fetric cfalcfide or some other ozidizmg ageat to a vJotion of 
diamidotetrabydroxTbeiueDe bjdncUoride : 

C^OH) /' + 2Fe,Cl, = C,0^0H),<^'! +2Fe,Cl.+4HCL 

It u acarcelj soIaUe in Ihe onliiuuy solrents, bat imparts a 
^llowish red colour to tbem. It fonm & brown Bolntion in 
sulphuric acid, but is partiallj decomposed ; nitiic acid oxidizes 
il to triqainoyl' 

Jhanilidoquinone or QuiiumaniluU, C,H,(SH,CbH^jOj. is 
formed when qaioone is boiled with aniline and alcohol;* in 
this reaction quiool and a brownish red sobstance. inaolabl« in 
water, are formed : ' 

3C,fl.O, + 2\H^C«Hs = C,H/NaC,Hs)jO, + 2C,H,(0H,v 
It crystallizes in sinaU, reddish brown plates with a metallic 
tostre, which form a magenta-coloured solution in sulphuric 
acid. 

ClUorodianiXidoquiTume, C,HCl(NH.C,H5)jOp is prepared from 
trichloroquinone, aod forms small brown plates with a metallic 
lustre, which form a blue solution in sulphuric acid/ 

DvAloramlidoipiinme. C^Q\^{J^n.Q^;)fi^ This compound, 
which has also been called chloranit-anUide, is obtained by 
boiling cbloranil with aniline and alcohol (Hofmann, Knapp, and 
Schultz), It is insoluble in water, scarcely soluble in alcohol, 
but somewhat more readily in boiling benzene and glacial acetic 
acid, from which it crystallizes in small, square, brownish black 
plates, which form a bluish violet solution in sulphuric acid. 

By the action of aniline on an alcohohc solution of trichloro- 
quinone chlorimide, CjHCl30(NCl), a compound is obtained which 
is probably identical with dicbloranilidoquinone. It crystallizes 
from bot benzene in small, yellowish brown plates nith a slight 
metallic lustre, which form a deep blue solution in sulphuric 
acid,* 

' Nletilti, Bcr. DrutKh. Chem. Oct. xvi. 2062 ; Nietdd and BcDckUer, ibid, 
xviii. <S9. 

■ Hormiuii], Jahrab. Chan. 1863, i\i; 'Wiahslhioi, BtT. DtuUA. Cktn. 
Oa. y. 851. 

■ Kiuiip >nd Schulti, Ann. Chem. Fharm. ec\. ITS. 

* Noohofur Mill Bchulu, Ber. DtvUeh. Chrm. Oe». x. 1763 ; Knaj.p and 
BohnlU. 

* Sdhmitt and Aadr«MU, Jaum. Pratt. Chem. [S], iiiv, 420. 



TRICHLOROQUIKONEDIMETHYLANILENIMIDE. 257 

The three preceding compounds art* converted by reduction 
into the corresponding quinol derivativee, which rapidly oxidize 
again in the air. 

1061 Trichloroquinonedimethylaniknvmidc, Ci^HuCljNjO. — 
Schmitt and Andresen give this name to a compound which ia 
obtained bj adding dimethylaniline to a worm alcoholic solution 
of triehloroquinone chlorimide ; 

CaHClsO.NCl + CgH,.N(CHj},=CoHaj,O.NC,H,.N(CHj^,+ nCL 

The liquid becomes coloured a deep blue, and after some htiurs 
deposits needles an inch in length, which appear golden green 
when the beam of light falls in one plane with the longer axis, 
and deep red when it ia perpendicular to this axia. They 
give a sky-blue streak and are very elastic and tough, and 
therefore difficult to pulverize^ Hot water ia coloured blue by 
them, but only a trace dissolves ; they are alightly soluble in 
cold alcohol, more readily in hot, and easily in ether and 
benzene, forming a greenish blue solution. 

This compound is converted by reduction into Irichliirodi- 
mdhylanilenamidophenol, C,HC!j(0H)NH.CaH,,N(CH3)j, which 
crystallizes from hot alcohol in fine white prisma, fusing at 
138° — 139° to a deep blue liquid. As it ia a phenol it dissolves 
in alkalis forming solutions which rapidly absorb oxygen, the 
quinonimide being re-formed. On the other hand it gives stable, 
crystalline salts with acids. 

DianiUdoquimnanilide, C,Tl„('iill.CgU^\0(SC^'E^, is ob- 
tained by heating a solution of 1 part of quinone and 2 parts 
of aniline in 20 parts of hot glacial acetic acid for a short time 
on the water bath. The anilide separates out on cooling in 
brownish red needles, which melt at 202° — 203° and form a 
blood-red solution in sulphuric acid. It fonna salts which 
are very soluble, and therefore difficult to obtain pun-, 

AnUidohydroj^ifainonanilide. G^fi(;SC^^}()iB..Q^^OB.. 
— The methyl ether of this compound is formed when the 
preceding compoimd is warmed with methyl alcohol and 
sulphuric acid: 

,NH.CoHs 
C,H,OCNC.HJ< + HO.CH, 

,NH.CgHj 
= CjH,0(NC,HJ<' + CjHj.NH^ 



AHOUATIC COUPOCNDa 



It crystallizes la large, brownish red plates, wliicli melt at 
188° — 189°, aacl form soluble blue aalta. The platinum chloride 
18 deposited from its eolution in small, dark, lustrous plates; the 
picrate forma small, brownish violet, lustrous cxystala. 

The ethyl etliur crystallizes iu small red platea or prisms, 
meltiug at 134°. 

When the ether is decomposed with very dilute alcoholic 
potash, tlie free anilidohydroxyquinonanilide is obtained. It 
crystallizes in scales with a metallic lustre, which form a green 
powder, slightly soluble in alcohol and readily in acetic acid. 
It forms very soluble salts; those of potassium and sodium 
crystallizing in small brow:n needles with a silky lustre. 

Anilidohydroxyquincmt, G^fi^^l^U.C^^OK, is prepared by 
heating the abovo compound with dilute caustic potash until 
the dark red solution becomes brighter. It is set free by acids 
as a blue crystalline precipitate, which dissolves readily in hot 
alcohol and glacial acetic acid, and forms a brown solution iu 
sulphuric acid, from which it is reprecipitated by water. It 
forms soluble alkahne salts. 

When dianihdoquinonanilide is heated with alcohohc potash, 
the compound CjgHnN,Og is formed ; this crystallizes in small 
red needles melting at 191" — 192°, is readily soluble in alcohol 
and benzene, dissolves in sulphuric acid with a green colour, and 
forms metaUic salts. Its constitution is expressed by one of the 
following formulie :i 



C.HO{NaH,)f-NH.C,HB 
\0H 



Dianilidahj^droxyqumoDfl. 

C„H0,^OH 

\NH.aH,. 



WiydroxyaniUdoqHinoTU, CflHs(NH.CjH^.OH)jOj. is formed 
when quinone is added to a hot solution of paramido phenol in 
hydrochloric acid. It crystallizes in small, violet-brown, lustrous 
plates, which are insoluble in the ordinary solvents, hut dissolve 
readily in alkalis. 

Orthamidophenol does not give au analogous compound, but 
is oxidized by the quinone : 

4C(,HjN0 + 5C^H,0j = C.^Hj^Np, + 5C„H,(0HV 

In order to prepare the condensation product which is formed iu 
tliia reaction, 4 — 4o parts of quinone are added to a liot, con- 

I Zincke, Bar. DetUtch. Chtm. Ga. iviiL 7as. 



THIO-AMIDOCOMPOUNDS. 

centrat«J, alcoboUc solution of ortho-amidophenol. It separates 
out on cooling iu small violet needles, melting at 250°, and 
subliming iita higher temperature in small, red, lustrous needles, 
which are slightly soluble iu alcohol and benzene, and more 
readily in aniline. It dissolves in acids with a deep red colour. 

The hydrochloride, Cj,H,gN,Oj(HCl)j, crystallizes in arborescent 
needles with a beetle-green lustre, and readily forms double 
salts with several metallic chlorides. The sulphate is a green 
crystalline powder, the oxalate crystallizes in green, and the 
picratG in steel-blue needles with a green reflection. 

When the base is boiled with acetic anhydride, the compound 
C|^H,g(CjHgO)jNj04 is formed ; this crystallizes in yellowish 
brown needles or small plates, melting at 285°. 

Ortho-amidophenol methyl ether, NIIj.CjH,.0 CHj,Teacta with 
quinone in an analogous manner to aniline and paramidophenol. 
OTlhodimcthoxyanilidoqtbinone, C|jHj(NH.CaH,.OCHg)jOj, being 
formed; this substance crystallizes iu reddish violet needles 
melting at 230°, and forms a beautiful blue solution in 
sulphuric acid. Quinone, on the other hand, does not act upon 
acetyloHho-amidophonol, C5H/OH)NH(CjHgO), and from this 
it follows that both the hydroxy! and the amido-group take part 
ill the formation of the base from ortho-amidophenol.^ 



THIO-AMIDO-COMPOUNDS. 

io6a Thio-aniline or IHamidophenyl mlphidf, S(CgH,.NHj),, 
is obtained by heating aniline to 150' — 160° with sulphur: 

,C.H,.NH„ 
2C.H,.NHg -1- 2S = S( -h H,S. 

^CoH,.NHj 

The reaction proceeds more rapidly if litharge be graduaUy added 
to take up the sulphuretted hydrogen which is formed.' 

Thio-aniline may also be prepared by dissolving phenyl sul- 
phide in concentrated nitric acid and reducing the nitro-com- 
pound thus formed.' It is slightly soluble in hot water, readily 
in alcohol and ether, and crystallizes in long, thin, odourless 
needles, melting at 105^ 



' Ztncke anil Hebebmnd. Awn. Chem. rharn, cciT»i. 60. 
* McraiiiKi Wcith, Ber. DatUeh. Chem. Qtt. iv. sai. 
» Ktalft, (6vi viL 3S1. 



Thio-anilinc hydrochloride, C^jH^N^CHCOi + 2H.0, !» readily 
soluble ID water, slightly in liydrucUoric acid luid aJcohol, auil 
crystallizes in lustrous prisms or needles. 

ThwMiniliiie mlphate, C^jHj.NjS.SO^Hj + H,0, is slightly 
soluble in cold water, more readily in hot, and almost insoluble 
in alcohol ; it forms short prisms or pointed needles. 

Tkio-aiUline oxalate, C,gH,jNjS,CjHjOj, crystallizes in fine 
needles, which are only slightly soluble in hot water. 

Tlie solutions of these salts have an acid reaction, and, even 
when very dilute, colour pine wood a fine orange. Feme 
chloride produces a deep violet or blue colouration on warming. 
When thio-aniline is heated with concentrated sulphuric acid, a 
colourless solution is obtained, which soon becomes deep blue, and 
finally violet. If the blue liquid be poured into water, a splendid 
red solution is formed. 

Orlho-aniidothtoplienot, CaH^(NHj)SH, is obtained by the 
action of tin and hydrochloric acid on orthouitrobenzenesulphonio 
cliloride.^ It boils at 23*', and solidifies in the cold to needlea 
melting at 26°. When cyanogen is passed through its alcoholic 
solution, eccalamidolkiophenol is formed : 

2C.H/ +NC— CN = C,H.f >C— Cf >C.H, 

+ 2NHj. 

This compound may also be prepared by abiding phosphonia 
oxychloride to a solution of anhydrous oxalic acid in ortho-ainido- 
thiophenol, or, together with sixty per cent of otiier producti 
which have not yet been investigated, by heating acetanilidd 
with sulphur for some time; in spite of the small yield thisis tha 
best method of preparation. Oxalamidothiophenol crystallizes 
in lustrous plates, which melt at about 300°, and are almost 
unaffected by the ordinary solvents. It distils almost without 
decomposition ; when heated to 200° with caustic potash it de- 
composes completely into oxalic acid and ortho-amidothiophenol, 
BO that the tatter is most readily prepared from acetanilide.* 

Metamidothiojihenol is obtained by the reduction of metanitro 
benzenesulphonic chloride. It is an oily liquid, smelling of 
mushrooms;' its hydrochloride, CjH((SH)NHt.CIH, is readily 

■ Hormann, Ber, Deuttch. Chan. Qt$. xiii. ig. 
' Ibid. xMi. 1223. 

■ Gliiti and SclinDcb, Juan. Frald. Chrni. [S], jl, 32S, 



THIODIPHENTTLAMINE. 2C1 

soluble in water and crystallizes iu lustrous, warty maascs, 
3ueltiiig at 232°, and subliming at higher temperatures.* 

Orthodiamidoplienyl disulphidc, Sj(CgHj.NHj)j. is formed by 
"tiie oxidation of ortho-amidotliiophenol in the air, or more rapidly 
T)y the addition of ferric clilorido to ita solution in hydrochloric 
acid. It is insoluble in water, aud crystallizes from hot alcohol 
in small plates melting at 1)3". Its hydrochloride forms small 
plates, which are scarcely soluble in hydrochloric acid, even 
when very dilute. When sulphuretted bydrognn is passed 
through a solution of the base, amidothiophcnol is regenerated 
(Hofmann) : 

S.C'H..NH, 
I + H.S = 2HS.C„H..NH, + S. 

Paradiitmidopkcnyl dimlpkide, Sj(C|jHj.NH^j, — When acet- 
aoilide is heated to 100° with chloride of sulphur, two compounds 
are formed, dithio-acctanilide, SjCCjHj.NH.CjHgO)^, and trithio- 
acetanilide, SjtCgH^.NH.CjHgO),, both of which crystalline from 
glacial acetic acid in small plates. When the former is heated j 
with dilute sulphuric acid, the sulphate of panuliamidophenyl | 
disulphide, S,(C(,H^.NHj)^SO(H, + 2H,0. is obtained ; it crya- 
tallizes in very fine needles, and when treated with an alkali 
yields the free base. This is slightly soluble in hot water, and 
crystallizes in long, thin, greenish needles, which have a vitreous 
lustre, and melt at 78° — 79°. 

Schmidt calls this compound pseud othio-aniline, and gives the 
name ditliio -aniline to an isomeric resinous substance, which is 
prepared by the action of bromide of sulphur on aniline, and 
possesses basic properties.* 

1063 Thiodiphmylamine, S(C,H^)jNH, is obtained by heating 
diphenybmine with eulphur to 250° — 300°. It crystallizes 
from hot alcohol in yellowish, lustrous plates, melting at 180°, 
distilling at a higher temperature almost without decomposition, 
and solidifying to a coarse radiating mass.' Moderately concen- 
trated nitric acid converts it intonitrodiphenylaminesulphoxide, 
SO(C,iHj.NOj)NH. This substance has not yet been obtained 
pure, but the following compound has been obtained from it : 

AmutothiodiphcriylamiTU, S(CijHj.NHj)NH, may be prepared 
either by reducing the nitro-compound with stannous chloride 

' Bifdemi«nn, Ber. DeiiUcfi. Chcm. Oct. yui. 1674. 



uid hfirochiatic acid id fnaexux of metallic tin, tw br 
aioidodipLeiij-lamiae with Eolpbur: 

HN< + 2S = H3JC ^S + US. 

It is flligfatly soluble in hot vater, readily In ^^''^H. aid 
(^TBtalllzes in small plates with a satia lustre. 

Feiric chloride oxidizes its solutioD in fajdrocUorie acid to 
itnidothiudipheDylimide, C^H^N^, a violet-red cobKiring hibMii. 
which will be subsequently described. AlcoboUc anunoniBa 
sulphide reduces it again to ainidotbiodiphenylanuiie, wfakh 
is inost readily punfied in this manner.* 

Fuming nitric acid converts thiodiphenyUmiDe into two iso- 
meric dinitrodiphenylaouDe sulphosides, SO(CgH^NO^,NH.* 

a-Diniirodiphenylamine Biilp/uxruie soon separates out from 
the solution in small, bright yellow crystals, almost inaolable in 
alcohol, and only slightly soluble in glacial acetic acid; it 
crystallizes from Lot aniline in small yellowish red needles or 
prisms. 

fi'DinUrodiphenylamiiu sulpkoxith is precipitated by water 
from the nitric acid solution, and after being boiled with alcobcJ 
forma a fine, bright yellow powder. 

Both these componads are reduced by tin and hydro- 
chloric acid to the corresponding diamidothiodipbenylamines, 
S(CjH,.NHj)^H. the oxygen of the sulpboxide being elimin- 
ated ; these compounds and the colouring matters which are 
readily obtained from them by oxidation will be subsequently 
described. Owing to tbb formation of colouring matters, even 
fractions of n milligramme of thiodiphenylamine can be detected 
with ease. The substance to be tested is dissolved in a few 
drops of glacial acetic acid, treated with fuming nitric acid and 
diluted with water. The nitro-compound which is precipitated 
is then boile^l with ao acid solution of stannous chloride, the tin 
precipitated from the colourless solution by zinc, and an excess 
of ammonia added; the sulutiou on standing in the air soon 
becomes coloured a deep violet. If ferric chloride be added 
instead of ammonia, a deep violet colouration is produced 
if the solution be dilute, while if it be concentrated a reddish 
violet precipitate is thrown down. 



Mttkylthiodiphenylamiiu:, S(CaHj)jNCHj, is obtained by 
heating thiodiphenylamine with methyl iodide and wood spirit, 
and cryGtallizes from hot alcoliul in splendid long prisms, 
melting at 99°'3. Potassium permanganate, added to its boiling 
aqneoua solution, oxidizes it to mcihyldiphenylamiiie sidphone, 
SOjfCflHJjNCHj, crystallizing in masses of small needles, and 
molting at about 222\ Like other sulphones it has neither acid 
nor basic properties ; it forms a deep blue solution in boiling 
sulphuric acid, which becomes a brownish violet on dilution 
with water. 

DinUromethyldijJimyiamine mlphoxtde, SO(CbHj.NOJjNCHj, 
ia formed by the action of fuming nitric acid on the preceding 
compound. It is more soluble in glacial acetic acid than the 
dinitrodiphenylamine aulphoxides, but, unlike these, is insoluble 
in dilute alkalis, the hydrogen of the imido-group, which is re- 
placeable by metals, being absent. On reduction it is converted 
into diamidomakylthiodipkenylaTiiine, S(CoHj.NHj)jNCH^ 
which rapidly oxidizes to a very unstable bluish green colouring 
matter.' 

SthyUkiodiphenylamine, S(CgHj)^NC2Hj, crystallizes from 
alcohol in long, thin, white prisms, melting at 102°. 

Aectyltkiodiphtnylamine, ^{C^^^^G^fi, is obtained in 
thick, colourless crystals by heating thiodiphenylamine with 
acetic anhydride ; it is slightly soluble in alcohol and ia de- 
posited from its solution in long, thin, gUtteriug prisms. 



^DIAZO-DERIVATIVES OF BENZENE. 

1064 The formation and constitution of those important com- 
pounds have been discussed in the Introduction. They are 
much used in the laboratory, as well as in colour works, for 
the preparation of substitution -products, azo-coloura, &c. For 
these piirposes it is generally unnecessary to prepare the pure 
diazo-salt, a solution of it being all that ia required. A solution 
of the chloride is obtained by adding sodium nitrite to a cooled, 
dilute solution of one molecule of aniline and two of hydrochloric 
acid, which is well stirred during the addition. The end of the 
reaction is recognised by the evolution of free nitrous acid, which 
may be detected by its amell, or by holding some paper soaked 
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in pota^ium iodide and starch ovm the liquid. In this waj 
either aodium nitrite or aniline in solution can bo roughly 



When the solution is treated with strong hydrochloric add 
and heatod, a mixture of phenol and chlorobenzene is formed.' 
If, however, the solution be heated nearly to boiling, and then a 
solution of cuprous chloride in bydrocliloric acid added, pure 
chlorobenzene is obtained.* In a similar manner Sandmeyer 
has replaced the amido-groups of metanitraniline, orthamido- 
phenol, paradiamidobenzene, and metadiamidobtflizene directly 
by chlorine,* 

A solution of diazobenzene nitrate or sulphate is often used 
instead of the chloride, and is obtained in a similar manner. 
When a solution of the sulphate is boiled, pure phenol is formed, 
and by means of this reaction many amido-bases can be com- 
pletely converted into phenols.* 

IHanobenseve chloride, C^H^NjCl, is only known in solution; 
when hydrochloric acid and stannic chloride are added to a con- 
centrated solution, the double salt, (CuHiN^CljjSnCI^, separates 
out in small, white, indistinct plates, which are only very slightly 
soluble in alcohol and ether, but readily in lukewarm water, 
from which they are reprecipitated by concentrated hydrochloric 
acid. The dry compound decomposes on heating with vigorous 
decrepitation ; on boiling with water it yields phenol. When 
allowed to stand in the air for a considerable time, the compound 
undergoes a decomposition in which the greater portion of it is. 
apparently converted into paradiphenol, OH.CgHj.CgH^.OH.* 

Diazohenzrrie bromide, CgH^NjBr, is prepared by the addition 
of bromine to an ethereal solution of diazo-amidobenzene : 

CoH,N~N— NH.C.H, + 3Br„ = C.H,N=:NBr 
+ CaHjBri,.NH, + 2HBr. 

The tribromaniline renaains in solution, wIuIb the br<Hoiida 
separates out in small plates with a mother-of-pearl lustre^' 
which are very explosive in the dry state. By shaking its 
aqueous solution with silver chloride, a solution of pure diazo- 
benzene chloride is obtained. 

IHazobcTizene perbromide, CgH^NBr^NBrj. is formed when 
solution of the nitrate is treated with hydrobromic acid and 

■ Nietilti, Ber. IkalMh. CAem. Oo. ivii. ]351. 

* Gssiorowskj and WavBS. ibid, zviii. 337. 

» Banrtnieyer, ibid. xvii. 1633. • Ibid. ivii. SeEO. 

» V. Meyer, ibid. viu. 1071. ' GrieM, ibU. xvui. MS. 



DIAZOBENZENE NITRATE. SGB 

bromine. It separates out as a brgwn oil, which, aftur being 
washed with ether, sulidifies in large jellow plates. It is toler- 
ably stable in the dry state, but on gtanding in contact with water 
or ether, in which it is insoluble, or with alcohol, in which it 
dissolves to a slight estent, it rapidly docouiposea. On heating 
it detonates violently ; when it is heated with anhydrous car- 
bonate of soda, or boiled with absolute alcohol, bromobenzene 
is formed. This can also be obtained Iruin aniline by means of 
the diazo-reaction in the following manner; a solution of 
12*5 grms. of copper sulphate, 36 gims. of potassium bromide, 
eknd 11 grms. of sulphuric acid, sp. gr. 1*8, in 80 grms, of water 
i^ heated with 20 grms. of copper filings until the colour hafl 
nearly disappeared ; 0*3 grms. of aniline are then added, the 
"^v-hole heated nearly to boiling, and a solution of 7 grms. of 
^sodium nitrite added gradually. In this way 9 grms. of bromo- 
^fcoDzene are obtained (Sandmeyer). 

io6s ZHazobetu^enc nilrale, CgH^.N^NO^ was fiist obtained by 

^jlriess, and used as a starting-point for other diazobenzcne com- 

^jounds.' In order to prepare it, the nitrous gases evolved from 

-^ mixture of arsenic trioxide and nitric acid are led slowly 

.^nto a well-cooled paste of aniline nitrate and water, until the 

.^addition of caustic potash to a small portion ceases to set free 

■Mnilin" It is then tittered from a brown resinous body which is 

generally formed, and the diazobenzene nitrate precipitated in 

~3ong, white needles by the addition of alcohol and ether to the 

'£ltrate. It is readily soluble in water and slightly in alcohol, 

T>ut is insoluble in ether; in the dry state it explodes when 

^ntly heated, or on percussion, even more violently tlian 

fulminating mercury or iodide of nitrogen. 

If its cold, saturated solution be allowed to drop into con- 
centrated ammonia, diazo-amidoWnzene, an amorphous brownish 
red body, C,gHyN,0 and a compfiund, which has the formula 
Ci.H,jNjO, are formed. This last compound may be obtained 
in yellow prisms by the spontaneous evaporation of its deep 
yellow solution, and explodes even more readily and with greater 
violence than the nitrate. On boihng with hydrochloric acid it 
decomposes with formation of phenol and aniline : 
C,jH,jNjO = C^H„0 + C^HjN + 2N„. 
Aeid dvizvbfnzenc sulphate, CyHj.Nj.SO^H, is obtained by the 
addition of dilute sulphuric acid to an aqueous solution of the 
' Jan. Chtm. PKann. cxxiriL SB. 



nitrate. The nitric acid aiid excess of sulphuric acid are re- 
moved by wasliing with alcuhol aud ether, and the Bolulion is- 
then allowed to evaporate over sulphuric acid ; a little phenol 
and free sulphuric are thus formed and must ho removed by 
absolute alcohol. The crystals are thea dissolved in the snialleat 
poasiblei quantity of water, treated with alcohol an<i etht-r, and 
the aqueous layer again allowed to evaporate. 

Acid diazobenzene sulphate crystallizes in white prisma 
which decompose and deliquesce in the air. It detonates at 
about 100°. 

JHazobf-nzeTie platinickloride, CgHjNjPtClg, is formeil when an 
aeid solution of platinum chloride is added to the solution of 
a diazobenzene salt ; it crystallizes in 6ne, yellow prisms, slightly 
soluble in water and insoluble in alcohol. When it ia igtiited 
with carbonate of soda, chlorobenzene is obtained. 

This reaction ia used to replace the amido-group by chlorine, 
but this may be more simply effected by Sandmeyer'a method, 

Diazobenzene aurichloridt, CnHjNjAuCI^, crystallizes from 
warm alcohol in splendid small plates with a golden lustre, wMcb. 
are insoluble in water. 

Diemobenzene cyanide, GgHjNjCN + HCN, is obtained by the 
addition of the sulphate to a cooled solution of potassium 
cyanide, and crystallizes in orange-yellow prisms, which melt 
at 69° and are very unstable.' 

Diazobensene picrati, CgHjNjOCgHj(N'Oj)3, is a yellow, cryBtiil- 
line precipitate, insoluble in water, alcohol, ether and benzene* 

Potamum diazobenzenemilphonaZe, CgH^NgSOjK, ia prepared 
by adding diazobenzene nitrate to a cooled, slightly alkaline 
solution of potassium sulphite and then treating with caustie 
potash ; this precipitates the compound in yellow crystals whicb 
detonate violently when heated. like all the diazo-compouodi^ 
it gives Liebermann's reaction (p. 176) with phenol and sul- 
phuric acid,* On reduction it is converted into |K>tasstu>a 
phenyl hydrazinesulph on ate, C^Hj.NjHj.SOjK. 

io66 Ifiazof)cnzenc3ulphonic aj'ida are obtained by the action 
of nitrous acid on the an ilineatil phonic acids according to th4 
following equation : 

,NH, / N . 

C,H,<; + NO.H . C,H,< >S + 2H,0. 

* Gabriel, £rr. DeatMh. Chmt, Ott. lii. 1633. 

* Uuyvrvid Joger, Hid. Tiil 893. ' Fbcher, Utblffi Jnn. ne. 73. 
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As may be seen from this formula, tliey are not true acids, but 
must be considered as salts of diazobenzene. 

Mfiadiazobenzeiumlp/umic acid forms small, reddish yellow 
jirisms. whicb readily dissolve in cold water, but arc decom- 
jjosed by water at 60° with formation of metaphennlsulphonic 
£u;td. It is not attacked by boiling absolute alcohol, and in the 
dry state detonates violently when heated.* 

ParadiazobcnzeTicsulpktmic acid was first obtained by Schmitt.' 
To prepare it. rather more than the calculated quantity of sodium 
nitrite is added to a solution of aulphanilic acid (paramido- 
"fcenzenesulphonic acid) in ddute caustic soda, and the mixture 
youred into cooled, dilute sulphuric acid. The diazo-com pound 
^teparatcs out in white crystals,' which are insoluble in cold 
-iwater, and readily soluble in water at 60° — 70°, but are decom- 
;jK)sed by it at higher temperatures with formation of para- 
^henolsulphonic acid, while boiling alcohol converts them into 
T^nzenesulphonic acid. Gaseous ammonia decomposes the 
^iazo -compound with explosive violence ; it is not attacked by 
phosphorus pentachloride even at 100°.' 

Diazohrn^eTuduulphonie acids are formed by the action of 
"siitrous acid on the am idobenzenedisul phonic acids.' They are 
"snonobasic acids of the following constitution : 

HO.SO,C,H,( ^N. 



DiasiheTizenr. polassoxtde, C^HjNjOK, is obtained, according to 
^riess, by gradually adding a cold saturated solution of diazo- 
~benzene nitrate to a large excess of concentrated caustic potash 
«nd evaporating the yellow liquid, which has a peculiar aromatic 
odour, tmtil it solidifies as a crystallino mass. It is then well 
pressed between porous plates, extracted with alcohol, tlie 
solution evaporated, and the residue again pressed, dried over 
sulphuric acid and washed with ether to remove a brownish red 
decomposition product. In order to obtain it perfectly pure, 
ether is added to its solution in a little absolute alcohol ; the 
diazobenzene potassium is tims precipitated in small white platea 
which have an alkaline reaction and absorb carbon dioxide very 
readily. It detonates feebly at 130°, and decomposes in aqueous 

' BfTTi'lson, LUbi/i Jim. cluvii. 88. ' Ibiil. cxx. Hi. 

' FUcher, iliid. cxe. 7B. ' I-aar. Jniim. PraJit. Chein. [a], xx. 283. 

' Drebea, Ser. Dcultch. Chfm, Gm. ii. fi53 ; Hpin^olniBlin, Liciag't Aim. 
Blxxxviii. 1S7, cic 22S ; Zander, iiiid, cxRviii. S uid 94. 



solution, slowly in tlie cold, more rapidly oa heating. 
separation of a brnwTitsh red Bubstance. 

D-iazohenzenr, argcntoxide, C^HjN^OAg, is obtained as a greyisl 
white precipitate by mixing a solution of the potassium compound 
with a silver solutioo. It cao be preaen'ed without under;going- 
any change, and detonates violently on beating. 

Griess has prepared several other compounds of diazobcnteni 
yfith the metals,^ 

Duuohensene hydroxide, C^H^NjOH, — Griess prvpared thii 
compound by the addition of an eiiuivalent of acetic acid to as 
aqueous solution of diazobenzene potassoxide. He looked ujiun it 
AS £i-ee diazobenzene, CjH^Nj, and assumed the existence of thi«i 
group of atoms in its derivatives, giving, e.g. to the nitrate, th( 
fonnula CgHjNj.NOjH. It is a thick yellow oil, which has ai 
aromatic odour, begins to evolve nitrogen a few minutes after rl 
has been isolated, and soon changes to a brownish red elastii 
substance ; with larger quantities tJie spontaneous decumpositioB 
proceeds witli explosive violence. The formula givtn for tbit 
substance is deduced from the fact that when freshly prep&reit 
it combines with caustic potash, nitric arid, &c., to form tha 
diazo-derivativfs whicli have just been described. 

1067 Diazo-amidohensene, Q^Yi;^ = -N .lHH.C^Yi^.—Qn^x c 
t^ned this compound by passing nitrous acid into an alcoholi< 
solution of aniline.* He also prepared it by the action < 
aniline on diazobenzene nitrate : ' 

C^Hs-N.NO, + SCbHj.NHj = C„H^N^NH.C,Hs 
+ CJIb.NHj.NO,H. 

In order to prepare it, a solution of pure potassium nitrite c 
sp, gr. \b, cooled to 5°, is gradually allowed to nm on to pun 
dry aniline hydrochloride, and the residue washed with 1 
water,* or two molecules of aniline are dissolved in etlier, exiKllf 
a molecule of amyl nitrite addeil, and the mixture allowed 1 
evaporate over sulphuric acid * 

R. Fischer adds one molecule of sodium nitrite to a wet 
cooled aqueous solution of two molecules of aniline and tim 
molecules of hydrochloric acid, and then a concentrated solutioi 
of two molecules of sodium acetate, when the diazo-amidobenseiii 
separates out as a crystalline precipitate." 

' Ann. Chan. Pliarm. omrii, 57. ' Ihid. xx 

• Ibid, cixivii. G8 ; Me ftUo Keknl*. Ithri. U. 723. 
' Mftrtiiu, ZtiUehri/l, Chom. [2], SSI ; Saraaw, Btr. DevUA. Chem. i 
2442. • V. Moyer, Hid. viiL 1071. * Itid. xrlC M 
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I>ia20-amidobenzeiie is insoluble in water, slightly soluble in 
cold, more readily iu liot alcohol, and crystallizes in gofJ^n- 
yellow plates, or from benzene in large flat prisms, fusing at 91* 
to a reddish brown oil which detonates at a higher tem- 
perature. On wanning with strong hydrochloric acid it de- 
composes into nitrogen, aniline, and phenol. 

It forma no salts with acids, but chloroplatinic acid produces 
a precipitate of (CjjH,jNj),PtClj, in small red needles or prisms, 
■which readily decompose, Diazo-amidobenzcne, in presence of 
salts of aniline, is. as already explained, readily converted into 
smido-azobenzene, CgHj.Nj.CgH^.NHj. 

IHazobcmt Tie-am. idobrtmLobtnzeTu.C^K^JS^. N H. CjH^Br. — Grieas 
obtained this compound by the action of parabromaniline on 
diozobenzene nitrate ; it crystallizes in yellow needles or small 
plates.' ^Tien he treated aniline with diazobromohenzene 
nitrate he did not obtain the isomeric compound CjH^Br.Nj. 
NH.CjH^, but the same substance aa before.* A similar result 
was obtained in the preparation of other d iazo -com pounds ; 
whether a molecular change takes place, or whether, as Grless 
assumes, the diazo-amido-com pounds liave a different constitution 
from that which is generally assigned to them, has not yet been 
dclenniued. He gives the following formula to Jiazo-amido- 
benzene : 

C^,=NH=NH=N HzzC^H,. 

Diaiohmzene-fi/iylamiru, C,H5.Nj.NH(CjHj), is obtained bj 
tlie action of ethylamine on an aqueous solution of diazobenzone 
nitrate; it is an oily hquid, very similar to the following 
compound, winch has been more carefully examined. 

Diazobtiatitedivutkylaminf, CoH5.N..N(CHj)j, is a yellowiah 
oil having a pecubar aromatic mlour, and can be distilled in 
small quantities without decomposition, but in largo quantities 
decomposes with a tolerably violent explosion, forming di- 
methyUmine. It is a weak base, and forms salts which are 
slowly decomposed by water in the cold, more rapidly on 
heating : 

C,Hs.N^N(CH,), + HjO = C,Hj.OH + N, + N(CH,).H. 

The alcoholic solutions of both these compounds yield amido- 
aznbenzene when treated with a salt of aniline, ethylamine or 
ine being formed at the same time," 

* ^mH. CKem. Pharm. cxxkt^L W. • 
■ Bn-. DaOtA. Chem. Oa. itL 1618. 

* B«7CTuid Jager, ibid. riii. 14& 
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JHazchcnxenimide, CjUgNj. — Griess firat obtained tliis com- j 
pound by tbe action of aqueous ammonia on diazobeozene I 
perbromide ; > I 

CgHjNBr— NEfj + NU, = CuH,N— N + SHBr. I 

\-^ ' 

K 

It is also obtained by tbe action of bydroxylamiue on an 
alkaline solution of diazobenzene Biilpbate (Fiscber), as well as 
by tbe decomposition of nitioaopbenjlhydrazine, wlucb will be 
eitbsequeutly described : 

,NH, N 

C,H.N< = C„H.N< II + H.O. 

To prepare it, crude pbenylbydrazine bydrocbloride is dissolved 
in 15 parts of water, an excess of sodium nitrite gradually added, 
and tbe mixture heated to boiling in an apparatus connected 
witb an inverted condenser until tbe gentle evolution of gas 
ceases,* 

Diazobonzenimide is a yellowish, oily liquid having a stupefy- 
ing, ammoniacal and aromatic odour. It is insoluble in water, 
and can be distilled with steann, or in a vacuum, but explodes 
on distillation under the ordinary pressure. 

Amidodiasxhcnzcne-annpvunds. — By passingnitroua acid through 
a solution of paradiamidobenzene hydrochloride and adding gold 
chloride, a precipitate of paramidodiazobenzene aurichloride, 

,NH,.AuCl, 
C.H.(^ , is obtained, from which other salts of par. 

\N = NAuC1^ I 

amidodtazobcnzene can be prepared; these have not yet been ; 
describe<l.'' 

Tbe two other diamidobenzenes are not converted into 
diazo-com pounds by nitrous acid. Meladiamidobenzeiie yields 
triamido-azobenzene, CaH/NH2)Na.C„H3(NHj}.. while ortbodi- 
amidobenzene is converted into the following compound ; 

Azo-imidobcjiicne, CgHj'Nj. — Ladenburg obtained this com- 
pound by adding potassium nitrite to a solution of ortbudiamido- 
benzene sulphate, and named it amido-azophenylene.' 

' Jrtn, Chem. Fharm. ciixvii. 66. 

' Ibid, oxc 92, »S. 

' Criera, Ber. DtrntteK Chfm. On. xvli. 603. 

* Luleubuig, aid. ix. 222; nvii. 147. 
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Its formation is expressed by the following equation : 

O^Ti/ , + HNO, = CeH,<^ | ^NH + 2H,0. 

It crystallizes from benzene in needles having a mother-of- 
pearl lustre, and melting at 98**o. 

Metamidodiazobenzenimidey CgH^(N3)NH2. — This interesting 
base was obtained by Griess, who converted metaphenylene 
oxamic acid (p. 241) into the diazo-chloride by means of sodium 
nitrite and hydrochloric acid, and from this prepared the 
perbromide, which gives the following reaction with ammonia : 

/NH.C.O2.OH .NH.C2O2.OH + 3NH,B.. 

C,h/ +4NH3=C,h/ 

\NBr— NBr^ \N— N 

N 

The new acid is almost insoluble in cold water, and crystallizes 
m white needles. On boiling with concentrated caustic potash 
it decomposes according to the equation : 

C,H / + H,0 = C«H / + C,0,(OH),. 

\N— N \N— N 

\^ \^ 

N N 

Amidodiazobenzenimide is a yellowish, oily liquid, having a 
slight smell resembling bitter almonds, is volatile in steam, but 
detonates on beating. It tastes at first as sweet as sugar, and 
then extremely bitter. It forms salts which crystallize well. 

AmidddiazobenzenimicU hydrochloride, CoR^CHi^j^^Iifil, crys- 
tallizes from hot water in small, white, pointed rhombic j)lates ; 
platinum chloride precipitates the double salt from its dilute 
solution in small, greyish yellow needles. 

The hydrochloric acid solution of the base gives witli nitrous 
acid a diazo-compound which has the formula C^jH4(N3)N2Cl, 
and combines with phenols and amido-compounds to form azo- 
compounds, which are colouring matters possessing very 
remarkable properties.^ 

' Ber. Deutsch, Chem. Qtt. xviii. 963. 
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1068 Diazohydroxybenzene compounds are obtained by treating 
alcoholic solutions of the salts of the amidophenols with nitrogen 
trioxide. They are decomposed by hydriodic acid in the cold with 
formation of the iodophenols. Alcoholic solutions of the sub- 
stituted amido-phenols are not converted by nitrous acid into 
diazohydroxybenzene salts, but into anhydrides of the substituted 
diazophenols : 

CeH,(NO,)/ + NO,H = C,H, (NO0<^ ^N + 2H,0. 

When, on the contrary, the ethers of these amidophenols are 
employed, the formation of such anhydrides is impossible, and 
they behave like the amidophenols or aniline. 

Orthodiazophenol chloride, CgH^(OH)NjCl, is obtained by 
treating ortho-amidophenol hydrochloride vrith absolute alcohol 
saturated with nitrogen trioxide. the mixture being cooled by 
ice-water. An indigo-blue solution is first formed, and soon 
changes to brown. On addition of ether the chloride is pre- 
cipitated and crystallizes in beautiful rhombohedra, which are 
readily soluble in alcohol and become milk-white in the air, 
losing their water of crystallization. It forms a platinum 
chloride which crystallizes well and yields orthochlorophenol 
on heating.^ 

Farad ictzophcTwl chloride, C^^(0'H.)'Nfi\, is obtained in a 
similar manner to the preceding compound, from paramidophenol 
hydrochloride, and crystallizes in long needles, slightly soluble in 
alcohol (Schniitt). The platinum chloride, [C\H,(OH)N JjjPtCl^. 
on ignition yields parachlorophenol, and quinol is obtained by 
heating the chloride with concentrated hydrochloric acid.* 

Paradiazophaiol nitrate is formed in a peculiar manner by 
passing nitrogen trioxide through a well-cooled ethereal solution 
of phenol : 

C,H,(OH) + 2N2O3 = CeH,(0H)Nj.N03 -f NO^H. 

The free nitric acid formed converts a portion of the phenol 
into ortho- and metanitrophenol.^ The nitrate is also obtained 
when nitrogen trioxide is passed through an ethereal solution of 
nitrosophenol.* It is readily soluble in alcohol insoluble in 

* Schniitt, Bcr, Deutseh. Chrm, Ocs. i. 67. 

' Weselsky and Schuler, ibid, ix. 1160. 

» Weselsky, ibid, viiL 98. * Jager, ibid, viii. 894. 
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ether, and ciystallizes in light brown ncedlea which are very 
explosive and fire like gunpowder, leaving a large residue of 
carbon. By dissolving it in dilute sulphuric acid, and adding 
alcohol and then ether, the sulphate is obtained as a splendid 
crystalline mass. This is not explosive, and ia cunverted by 
barium chloride into diazophenol chloride, which is identical with 
that obtained from paramidophenol (Weaelsky and Schuler). 

ParadiazoHinisol ntlrtUe, C3H,(OCH3)Nj.NOj, is obtained when 
nitrogen trioxide is passed through water containing nitrate of 
anisidine (methylparamidophenyl ether) in suspension. It forms 
colourless crystals which explode on percussion, and grailually 
decompose on boiling with water, more rapidly on heating to 
140°, with formation of quinol.' 

DiazmUrophenol anJLtjdride, CaH^CNOiX; ^N. Grieas ob- 

tained this compound by passing nitrogen trioxide through 
an ethereal solution of paramido-orthonitrophenol. It is a 
brownish yellow, granular mass, which is slightly soluble in 
hot water, and explodes at 100* with extreme violence.' Its 
methyl ether, diazonitraniaol, is only known as the nitrate, 
C,H3(NO,XOCHj)Nj.N03, and may be obtained from nitranisi- 
dine nitrate ; it crystallizes in small plates.^ 

ZHazodinitropkenol anhydride, C.H.fNO-),^ ^N, was pro- 

pored by Griess from amidodinitrophenol ; it crystallizes from 
alcohol in small plates, which explode violently on heating.* 

XHaza-amidimitraiiisol, CoH3(NOj)(OCH,)Nj.NH.CaH,(NOj) 
OCHj. Griess obtained this compound by passing nitrogen 
t^rioxide through an alcoholic solution of nitranisidine. It 
forms yellow microscopic needles, insoluble in water, and only 
soluble in hot alcohol." 

Diaxoniin^ikydroryquinotu. When amidonitrotetrahydroxy- 
lenzene (p. 255) is made into a paste with dilute hydrochloric 
acid, well cooled with ice, and a solution of sodium nitrite added 
<Irop by drop, nitric oxide is evolved and a clear solution is 
obtained, which after some time solidifies to a pulpy mass, con- 
sisting of long, golden-yellow needles, having the composition 

' Silkoiriiki, Btr. DtuUeh. Chen. Oa. vii. 1000. 
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CgH^NaNjOg. This compound is also obtained by dissolving 
araidonitrotetrahydroxybenzene in cold dilute nitric acid, and 
partially neutralizing the golden-yellow solution with carbonate 
of soda. Its constitution is expressed by one of the following 
fonnuke : 

HOv /NO, /Ov .NO, 

>CA< +H,OorN/ >CA< 

HO— N = N/ \ONa ^N^ ^ONa 

+ 2B.fi. 

It is readily soluble in water and is reprecipitated by alcohol. 
It can be recrystallized from water at 50*, but decomposes on 
boiling with a violent evolution of gas. In the dry state it 
explodes with great violence. 

When potassium nitrite is used in its preparation, the less 
soluble potassium salt is obtained, which is much more explosive, 
while the silver salt, obtained in small yellow plates by pre- 
cipitating the sodium salt with silver nitrate, explodes by pres- 
sure or percussion with almost greater violence than silver 
fulminate.^ 



HYDRAZINE DERIVATIVES OF BENZENE. 

1069 These bodies, as well as those of the fatty series, were 
discovered and carefully examined by E. Fischer.^ The yeUow 
diazobenzene potassium sulphonate, CgHgNi^NSOgK, is 
formed, as already explained, by the action of a weak cdkaline 
solution of potassium sulphite on diazobenzene nitrate. This 
is converted by reducing agents into the white phenylhydrazine 
potassium sulphonate, which is also obtained by acting on 
diazobenzene nitrate with an excess of acid potassium sulphite : 

CsH,Nz=N.N03 + 3SO3KH = CflH^.NH— ?sH.S03K + 

SO.KH + NO3K + SO2. 

On boiling this salt with hydrochloric acid, phenylhjdrazine 
hydrochloride is obtained : 

CaH..NH— NH.SO3K + HCl + H..0 = CyHj.NH— NH^HCl 

+ SO.KH. 

^ Nictzki and Benckiser, Ber. Dcutaeh. C?iem. Oes. xviiL 499. 
* Licbig's Ann, cxc 67. 
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Phenjlhydrazine is also obtained, together with aniline, when 
nn alcoholic solution of dtazo-ainidobenzene is treated with ziuc 
dust Evnd acetic acid : 

CaHsNj.NH.C6Hs + 4H = CgHs-N^Hs + NHj-CgHs. 

Phenylkydraxinc, CjH^.NjHj, may be readily prepared in the 
following manner: 20. parts of aniline are dissolved in 50 
parts of hydrochloric acid of sp. gr. I'll), and 80 parts of water; 
the calculated amount of sodium nitrite, dissolved in twice its 
quantity of water, is then added to the cold solution, which 
is slighUy acidified with hydrochloric acid, and the mixture 
poured into an excess of an ice-cold solution of sodium sulphite ; 
the following reaction takes place : 
CgHjN.Cl + 2S0,Nag + H^ = C,H,.NjH,.SOjNa + SO.NaH. 

There is always a certain quantity of the yellow diazobenzene- 
salt fonned, most of which is reduced by the sulphur dioxide 
evolved on neutralizing the solution with hydrochloric acid. 
The warm solution is afterwards treated with acetic acid and 
zinc dust, to convert the remainder into the white salt, A third 
of its volume of concentrated hydrochloric acid is then added to 
the hot filtrate ; phenyl hydrazine hydrochloride separates out 
on cooling, and a further quantity may be obtained by concen- ] 
tratjog the mother-liquor. This is decomposed with caustic I 
soda, when most of the pheny [hydrazine is precipitated as an 
oil, that remaining in solution being extracted with ether. The 
crude pheny Ihydrazine is dried over fused potash and purified by 
fractional distillation ; the portion distilling between 225° — 235° 
is sufficiently pure for the preparation of all its derivatives. 

Pheny Ihydrazine maybe more readily prepared by the method 
of Meyer and Lecco:^ 10 grms. of aniline are dissolved in 200 j 
grms. of concentrated hydrochloric acid, and to this solution, I 
which is kept cool, a cold solution of 7*5 grma. of sodium nitrite 1 
in 50 parts of water is gradually added, and then a solution of J 
45 grms. of stannous chloride in 45 grms. of concentrated j 
hydrochloric acid, the liquid forming a crystalUne pulpy m. 
of pheny Ihydrazine hydrochloride : 

CsHjN^NCl + 4HCl+2SnClj= C,Hs.NH— NH,,HC1 + 2SnCl^. 

Pheny Ihydrazine is a colourless oily liquid having a faint aro- 
matic odour. It boila at 233° — 234°, and solidifies at a low 
> Ber. DmtKh. Chem. Oa. xtL 2976. 



temperatuTf! iu tablets, melting at 23', It is very readily 
oiddized, and absorbs oxygen from the air, becomiDg red to 
dark brown ; it reduces Fehling'a Holutioa iu tlie cold with 
evolution of nitrogen and separation of cuprous oxide, ajutine 
and benzene being formed, " This property can be employed 
as a delicate reactioa for all primary hydrasiuos, and also, in- 
directly, for the dittzo-compounda ; in order to detect tho latter 
in an aqueous solution, it is treated with acid potassium Gulpliittt 
in excess, heated to boiling, neutralized with caustic )>ot3e1i, and 
tested with copper solution, The salts of the hydrazineaul- 
phonic acid, which are formed iu the liquid from the diazo- 
compDunda, without exception product; the immediate 
precipitation of cuprous oxide ; if the presence of liydrosyl- 
amine, wKif'h is readily formed by the reduction of nitrous 
acid, is to he feared, the alkaline soludou must be boiled for 
some timu in order to destroy it " {FiBcher). On adding mercuric 
oxide to an ethereal solution of phenylhydrazine, nitrogen ia 
evolved and anihnc and benzene formed, as well as a considentble 
quantity of mercury diphenyl (C5Hj)jHg.' 

Wliile ethyl hydrazine is a strong diacid base, phenylhydra^oe 
only combines with one equivalent of an acid, and is conae- 
sequently a weaker base. This is easily explained, since 
phenylhydrazine stands in the same relation to ethylhydrazine 
as anihne to ethylamine. 

Fhcnylkydrazitu h^rochloride, C0Hs.NjH3.HCl, which, u 
already described, is employed as a reagent, may be obtained 
perfectly pure by dissolving the base, freed from ammonia by 
distillation, in ten parts of alcohol, neutralizing with concen- 
trated hydrochloric acid, and washing the separated crystals 
with alcohol and ether until they are perfectly colourlen. 
Phenylhydrazine hydrochloride crj-stallizea from hot water in 
small, thin, lustrous plates, which sublime on cautious heating ; 
it is almost completely precipitated from its aqueous solatioti 
by concentrated hydrochloric acid, by which means phenyl- 
hydrazine can be separated from aniline and several other 
amido-bases. It reduces the salts of silver, mercury, golil and 
platinum in the cold. 

Phtnplhjdraam mlphale, (CgHs.N,H,),H,S04, forma sa\ai\ 
plates, readily soluble in hot water, and slightly soluble in 
alcohol. 

' Fiscliur »inl Khrliird, Ann, Ch^m. Pharm. vkiil. 3S& 
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'.ylhydrannr. oxalate, (C,H5.N,H,)jH,CjO,. cryBtoUizes ' 
water in email plates, which are slightly soluble in 
r. 
\l'htKylhjidra£ine pierate. CeHB.N,H,(0HjC,H,(N0,)3, crys- 
IHkcs in line yellnw needles, slightly soluble in water, readily 
lol, and defl^ratos explosively on heating. 
.ViV)-<»cjj;KrtF/%(ira3i*n«,C,HjN(N0;NHj, ia obtained by 
ing sodium nitrite to a woU-cooled dilute solution of phenyl- 
zine hydrochloride; the yellow flocks which separata are 
red in ether, and the conipuiind is precipitated in small 
t plat'es by the addition of petroleum spirit. It b a very 
table body. The extremely poisonous action of it« vapour ia 
knkrlcable, the action being similar to that of arayl nitrite, 
; more intense. If even a small quantity of the vapour 
i inhaled, determination of blood to the head, violent head- 
ache, and nausea are produced. On warming with dilute caustic 
potash, it is completely converted into diazobenzene-imide 
(p. 270), The latter compound ia also obtained, together with 
aniline, by mixing the aqueous solutions of diazobenzcne nitrate 
and pbenylhydrazine hydrochloride. 

Phnylh-ydrazinesulpiionie acid, C^Hj.NH.NH SO^H, is only 
known as the potassium salt, the formation of which has been 
already described ; it is also obtained, together with the hydra- 
zine sulphate, by heating tho haso with potassium disulpbatc 
to 80°: 

♦CoHj.N.Hj + 2Kj.S,0, = SCoHj.NjH^SOjK 
+ (OgH^N^^jSOjHj + K.SO.. 

H It furms colourless scales, soluble with difficulty in cold water. 

H By the action of mercuric oxide, or potsssium dichromate, on its 

^^ hot aqueous solution, it is oxidized to yellow diazobenzene 

^B potassium sulphonat«, CgH^.Ng.SOjK. 

^H The salts of pbenylhydrazine in aqueous solution are con- 

^H verted liy mercuric oxide into diazobenzene salts ; auilino and 

^^^ diazobenzene-iniide being, however, simultaneously formed, as 

^^B may be readily understood. 

^H MHkylphcnylhydTazine. CaHjN{CH3)NH^ is obtained by re- 

^^H ducing nitroBomethylaniline in alcoholic solution with zinc-dust 

^^H and acetic acid. 



C.H.N; 



NO 
■CH, 



+ 4H = CuHjN 



.NH. 




AROMATIC coMPOuyns. 



It ia a liquid, boiling at S20° — 224°, and redncei Fehling's 
aolatioQ on wanning, metbylamliiie and &ee citrogeQ being 
formed. 

DivuthyldiphtnyUetnaane, C,^H,,N^ ia formed when methyl- 
phenjlhydrazine u dissolved in chloroform and mercuric oxide 
gradually added, the mixture being kept cot^ : 

aH,N{CHJ— NH, CeH-NCCH^S 

+ 2HgO= || + 2Hg+2H,0. 

C^jN (CH^— NH, CgH,N (CHJ -\ 

The compound crystallizes in small plates, slightly soloble in cold 
alcohol and ether, readily in chloroform, and melta at 133* with 
evolution of gas. It can be boiled with water without undergoing 
decomposition ; on adding hydrochloric acid to ihe alcoholic solu- 
tion, the tetrazone decomposes into nitrogen and methylaniline, 
and on adding iodine to its solution in chloroform, dimethyl- 
diphenyltetrazone iodide, C,,H,jN,I^, b formed as a black 
crystalline precipitate, which deflagrates in the dry state spon- 
taneously, and when suspended in carbon bisulphide and shaken 
with silver-dust is reconverted into the original compound. 

1071 Elhylpkenylhydrasiiie cmnprninds. On heating plienjl- 
hydrazine with ethyl bromide, a mixture of tlio hydrobromides 
of different ethylated bases is obtained, as; 

Aiymmetrk eihylpkmylhydraane, C,Hj.N(CjHj)NHj. 

Symmfiric cthylpkmylhydraxine, CoH^NH— NH(CjHj) ; 

together with compounds containing more ethyl groups, and 
dieihylpkenylhydtaconium bromide, H^N — N.C5Hj(CjH5)j.Br,' 

On dissolving the product of the reaction in water, decom- 
posing with caustic soda, and extracting with ether, the ethyl 
bases, together with the unattacked phenyl hydrazine, go into 
Bolution. On adding concentrated hydrochloric acid, after the 
evaporation of the ether, the hydrazine hydrochloride separates 
out. The solution ia then again made alkaline, the bases ex- 
tracted with ether, and the liquid treated with mercuric oxide ; 
the asymmetric ethylplienylhydrazinc ia thus converted into 
the non-volatile tetrazone, and the symmetric compound into 
the volatile azophenylethyl, CgHjN^iNCjHg, which will be 
subsequently described. 

Symmetric ethylphenylhydrazine or ffydrazophenyUtkyl may 

be obtained in the pure state by the action of sodium amalgam 

' Fischer nnd Ebrhard, Lithig't Am. cicii. 325, 



I 



DIFHENTLHTDBAZINE, 



on an alcoholic solutioB of azopheny) ethyl It is an oily liquid, 
which can be diatillecl without decompoBition, It reduces 
Fehling'a solution in the cold, and is oxidized by the oxygen of 
the air. By the contiuued action of acetic acid and zinc-dust 
it is gradually split up into aniline and ethykmine. 

AKymmetric ethyl phenylhydrazine may be prepared pure by 
the action of zinc-dust and acetic acid on uitroso-ethylaniline. 
It is an oily liquid, which can be boiled without decomposition, 
and reduces Fehling'a solution on warming. It combines with 
ethyl bromide to form diethyl phenylhydrazonium bromide, which 
is readily soluble in water but is precipitated by concen- 
trated caustic soda. It forms rhombic crystals, aud is con- 
verted by moist silver oxide into the strongly alkaline hydroxide 
NH,-N(CbHJ(C^5),0H. 

On adding zinc-dust and hydrochloric acid to a warm aqueous 
solution of the bromide it is decomposed into diethylaniline, 
L, and hydrobromic acid : ^ 

+ 2H = C^h'^N + NH. + HBr. 



C.H.v .NH, 
C,Hs/ ^Br 



Diethf/ldiphenytletTa 



CA' 



N = N.N: 






crys- 



talliises from alcohol in monoclinic prisms, which melt at 108° 
with evolution of gas. 

IHphcnythydrazinc, (C^Jl^^'H —tiH.,, is obtained by reducing 
tutrosodiphenylamine with acetic acid and zinc-dust. It is a 
yellow oily liquid, which on distillation partially decomposes 
into diphcnjiamine, ammonia, and resinous products. It is 
almost insoluble in water, aud for tliis reason scarcely acts on 
Fehling's solution even on boiUng. On the other hand it is 
readily oxidized by mercuric oxide, ferric chloride, &c.. free 
nitrogt-H, diphenylamine, and a bluish violet colouring matter 
which contains nitrogen, being obtained, especially if the mix- 
ture be not cooled. When,- however, it is shaken with a very 
dilute neutral and well-cooled solution of ferric chloride, the 
following compound is obtained oa chief product, together with 
the above : 

TUrapfunyUdrazone, (CaHJ.N = N.N = NCC^Hs),, separates 

' Fisclier. Brr. DcuUch. Chmi. Get. xvu. 2811. 



from carbon disulphide in colourless crystals, melting at 123' 
without decomposition. 

Metamidirphenylhydrai-ine, HjN.C,H,.NH.NH,. When the 
diazochloride obtained from phenylene-osamic acid (p. 271) ia 
treated with a solution of stannous cUoride in hydrochloric acid, 
the following reaction occurs : 



Gfi^. 



NH.C,Oj.OH 

■N = NC1 



3HC1 + 2SnCl, = C.H,< 
+ 2SnCl,. 



.NH.C,0»OH 



The new acid separatea out in white crystalline grains, which 
are almost insoluble in alcohol, ether, and boiling water. On 
boiling it with strong hydrochloric acid, amidophenylhydra 
hydrochloride is obtained : 



CflH,< 



NH.CA-OH 



NH.NHj 



+ H,0 = C^H, 



+ Cp,(OH)^ 



*^NH.NH. 



On adding strong caustic potash to the solution and concentra- 
ting on the water hath, the base separatea out. At the ordinary 
temperature it forms a vamisL-like maas, converted on warming 
Into an oil, which is almost odourless and has a very bitter 
taste. It ia slightly soluble iu water, readily in alcohol and 
ether, and is very easily oxiJizable, reducing Fehling's solution' 
immediately with evolution of gas. 

Its salts crystallize well; the hydrochloride is precipitated 
by hydrochloric acid from a concentrated solution in smalt' 
pointed plates. Gold chloride and platinum chloride aro- 
immediately reduced by it.' 

Dicyanphcnylhydrazint, CgHgNj. This substance, together 
with the isomeric dicyanorthodiamido-henzene (p. 239 
obtained by passing cyanogen through an aqueous solution of 
phenylhydrazine. It is scarcely soluble in cold water, readily 
in dilute hydrochloric acid and alcohol, and melts above 160*" 
with decomposition (E. Fischer). On beating with acetic anhy- 
dride, the compound CjpH^N, is obtained ; it is very slightly 
soluble in water, and cryalallizea from alcohol in hard prisms; 
its formation is explained by the following equation ; 

' Griess, Bsr. DciUtcli. C7i*in, Gei. iviii. 66*. 



ACETYLPHENYLHYDRAZIDK 



I 

N— NH, 
I 

C=NH 
I 
CN 



C.H, 
^CO.CH, N— N 



i=N> 



>C.CHi,+HO.CO.CH, 



(iN 



1-H,0. 



Its constitution is deduced from the fact that on heating with 
alcoholic potash it is cunverteii into the acid CgHjNj(Cj,Hj) 
C.COjH, which ia alightty soluble in cold, readily in hot water 
and alcohol, and is converted on heating into the basic compound 
CflHsNj(CjH3)CH with evolution of carbon dioxide ; the latter 
is a yellowish oily hquid, possesaiug a peculiar aromatic odour, 
and boiling at 2+()°.* 



ACID DERIVATIVES OF PHENYLHYDRAZINE 
OR PHENYLHYDRAZIDES. 

1072 The hydrogen in phenylhydrazine can be replaced by acid 
radicals, just as in ammonia, the amines, and the amido-bases. 
Phenylliydrazine also combines directly with carbon dioxide and 
carbon disnlphide, foiining compounds analogous to ammonium 
carbamate, &c. 

Aectylphenylhydrazide, CgHj.NjHj-CjHjO, is readily formed 
by the action of acetic anhydride on phenylhydrazine, as well as 
by boiling the latter with glacial acetic acid. It crystallizes 
from hot water in hexagonal prisms or tablets having a silky 
lustre, and melting at 128° 5. On dissolving it in chloroform 
and adding mercuric oxide, it is oxidized to an oily liquid, which 
has a penetrating odour, and is probably acetyldiazobenzeue 
C,H.N=:NC,HjO.« 

OxalyldiphinyldihydroiitU, (CbHj.NjHj)jCjO,, is obtaineil by 
heating phenylhydrazine with ethyl oxalate ; it forms a foliated 
crystalline mass, melting at 277* — 278°, and distilling at a higher 
temperature almost undeeomposcd. 

NH.NH.O0H5 

Pkenylhydrasine phenylcarha^ide, CO^ may be 

^O.N,H,.CoHj. 
obtained by passing carbon dioxide through a well-cooled cmul- 
F 1 part of phenylhydrazine with 10 parts of water. It 



forms a fine, soft crystalline mass, which deliqueacfs in the air. 
giving off carbon dioxide. 

I'htnyhcviicarhazide, CeHjNH-NH.CO.NHj. TLia com- 
pound urea is formed on mixing solutions of potassium cyannte 
and phenylbydrazine hydrochloride ; it crj-stallizea from hot 
water in white plates, molting at 170'. 

EthylphenylstmieaThazidt. C„Hj.NH.-NH.CO.NH(CjHj), is 
obtained by the direct combination of ethyl iaocyanate with 
phenylhydrazine, and ciyataUizea from hot, dilute alcohol in 
transparent, monoclinic tablets, melting at 151°. Its aqueous 
solution gives a bluisb-black colouration and a precipitate of 
the same colour with Fohling's solution, the reaction being very 
delicate. This colour is rapidly converted into yellow in a closed 
vessel, but on shaking the liquid in the air it reappears. On 
gently warming, complete decomposition takes place with 
separation of cuprous oxide. Nitrous acid converts it into 
nitrosophenylethylsemicarbazide, the fine yellow needles of 
which decompose on boiling with alkaUs into carbon dioxide, 
diazobenzene-imide and ethylamine : ' 



CjH^N. 



,N0 



^^/■ 



■N 



^nh:co.nh(c,hj 



= CA-N^ II + CO, + NH,(C,H^ 



Phenylkydrtaine pkenylthiocarbaxide CS; 



^NH.NH.CA 
'\S.N,H.,0,H,. 



is formed by the addition of carbon disulphide to an ethereftli 
solution of phenylhydrazine, and crystaUizes in hexagonal talv 
lets or prisms, melting at 96' — 97°. On dissolving it in weak' 
caustic' potash and adding dilute sulphuric acid, pbenylthio- 
carbazic acid. CjHj.N^Hj.CS.SH, separates out in lustrous 
plates, which decompose on heating, forming carbon disulphide, ' 
sulphuretted hydrogen, ammonia, and the following compound. , 
DiphenyUhiocarbtmde, (CgHs-N2Hj)gCS, crystallizes from hot, 
alcohol in hard, colourless, three-sided prisms, which form • , 
dark red solution in warm caustic potash. On the addition of ■ 
an acid, blue-black flocks separate out, which are converted by 
precipitation with alcohol from solution in warm chloroform into 
blue-black microscopic needles, which seem to ho isomeric with 
diphenylthiocarbazide. Its solution, which has a alight alkalins 
reaction, dyes wool and silk red ; the solution of the colouring 
' Fischer, Liebig's A*)*. «& 100. 



DIPHESYLTHIOSEMICARBAZIDE. 



tnatter in chloroform ia distinguished by its fine dichroism. The 
culour, which is dark red when seen in thick layers, is converted 
on dilution into a vivid green, ■which is so intense tKat the 
formation of this body, together with the copper test, can be 
employed as a delicate reat-tion for phenylhydrazine. 

/>.>ArtiyftM(j«mtcfl/*(KiA.C,Hs.NjHj.CS.NHCCoHJ.ia formed 
when alcoholic solutions of phenyl mustard oil and phenylhydra- 
zine are mixed ; it crystallizes from Lot alcohol In prisms, melting 
at 17T. 



COMPOUNDS OF PHENYLHYDRAZINE WITH 
ALDEHYDES AND KETONES. 

1073 These compounds are readily formed with ehmination 
of water according to the following equations : 



C^NjH, + CHO.CH, 



CaHB.N,H, + CO(CH0, 



EthidonephenT Ihy dnusino. 

. C,H..N,H = CH.OH, + H,0. 



FrapideDepbecylhydrtuine. 

= CgH,.NjII=C(CH3)j + H3O. 



On heating with hydrochloric acid, the original substances are 
Rgain formed, The hydrazine compounds of the aldehydes and 
ketones of the fatty series are oily liquids ; other aldehydes and 
ketones, on the contrary, form crystalline compounds, which are so 
characteristic that phenylhydrazine can be employed for detecting 
even aniall quantities of them.' 

The combination of the bodies ia usually best brought about 
in an acetic acid solution ; the reagent, which ought always to 
be freshly prepared, ia obtained by dissolving 1 part of pure 
phenylhydrazine hydrochloride and 15 parts of crystallized 
sodium acetate in 10 parts of water. An excess of this is 
added to the aqueous solutioa to be testM for an aldehyde 
■ or ketone ; if any be present, the condensation-product soon 
separates out as an oily or crj'staUine precipitate. Free mineral 
acids, which hinder or retard the reaction, are neutralized by a 
previous addition of sodium carbonate. Si)ecial care must be 
taken that no nitrous acid is present, because tliis gives rise to 
diazobenzene-imide or other products : it can be readily removed, 
however, by warming with urea. 

' Fischer, Sir. Dnttich. Chem. Oa, iTii. Gr2. 



AEOMATIC COMPOUNDS, 



The aldehydo- and ketonic acids likewise form very charac- 
teristic compounds with pheaylhydrazine. 

AcetoTiepJunylhydraiine or li-opidentphenptkt/ilrmine, C^H^. 
NjHzzC(CHj)j, is an oily liquid which boils at 165" under a 
pressure of 91 mm. On adding sodium nitrite to its solution 
in dilute sulphuric acid, it decomposes into diazobenzene-imide 
and acetone.' 

CgHjNiH=C(CH^)g + NO.OH = C^H^Nj + CO(CH,), + HjO. 

Oenantkolpkenylkydrazine, CgHj.NjH = CH.CbIIj,, is a yellow- 
ish oil, boiling at 240° under a pressure of 77 lum. (Reisenegger). 

Glyomlphf-Tiylhydraxine, CoH,.NjH — CH.CH = NjH.CaHs, is 
almost insoluble in water, very dilute acids and alkalis. It crystal- 
lizes from alcohol in small plates melting at 169° to 170°. By 
means of this compound the amallest quantity of tbo very 
soluble and non-volatile glyoxal can be readily detected. 

Fhmylhydrazine glyoxylic acid, CgHgNgH ^z CH.COjH, crystal- 
lizes from hot water in fine, yellow needles, which are coloured 
brown at 130°, and decomposed at 137° with evolution of gas. 
It is readily soluble in alkalis, from solution in which it is pre- 
cipitated by acids, and by this means it can be separated from the 
hydrazine compounds of the aldehydes and ketones, as well as 
from the scarcely soluble phenylhydrazine oxalate. 

Phcnylkydrazidacetic acid, CgHj.NjH^.CHyCOjH, is obtained 
by the action of sodium amalgam and water on the preceding 
compound, and crystallizes from hot alcohol in splendid plates 
having a silver lustre and melting at 157° with decomposition. 
Ammoniacal copper solution ' reconverts it into phenylhydrazine 
glyoxylic acid. 

Pltmylhydrazine mesoxcdic add, CjH5,NjH=zC(C0iH)j, cry- 
stallizes in fine, yellow needles ipelting between 158° — 164°, 
and decomposing almost completely at a liigher temperature 
(Elbera). 

Phenylhydrazine pyroraccmie acid, C^H^li ^Yizz:C{CJl^COfi. 
Phenylhydrazine and pyroracemic acid combine with such vio- 
lence that complete decomposition of the products ensues. To 
obtain the compound, the solutions must be diluted with ether 
and gradually mixed in the cold. 

Phenylhydrazine pyroracemic acid crystallizes from boiling 
alcohol in hard, light yellow, lustrous needles, which melt at 



FURFURTLPHENTLHTDRAZINE. 

169° with evolution of gas. and decompoae at a higher tempera- 
ture into carbon dioxide and ethidene phenyl hydrazine. While 
the ketone phenyl hydrazines are readily decomposed on heating 
with acids, phenyihydrazine pyroracemic acid can hu boiled with 
dilute hydrochloric or sulphuric acids without undergoing any 
change. On heating it with alcoholic sulphuric acid, the ethyl 
ether, CaHj-NjIt^(CHj)COyC^i, is obtained melting at 
114°— 115^ 

Phenyihydrazine glyoxylic acid behaves in a similar manner 
towards acids, while the analogous phenyihydrazine lacvulinic 
acid. CaH5N,H=CCCHs)CHj.CHj.C0,H, is readily decomposed 
by them. 

The formation of phenyihydrazine pyroracemic acid takes place 
so readily in aqueous, acetic acid, and weak hydrochloric acid solu- 
tions, that by this reaction pyroracemic acid can be readily detected 
in very dihite solutions, and in solutions containing other bodies. 
The test is best applied in a weak hydrochloric acid solution ; 
after a short time a voluminous crystalline precipitate is pro- 
duced, which is filtered off and recrystallized from hot water or 
alcohol ; it is then only necessary to dry the substance and de- 
termine the melting-point, in order to detect pyroracemic acid 
very rapidly and with great certainty. 

Pkenylhydraiidopropionk acid, C,Hj.NjHj.CH(CH3)C0jH, is 
obtained, together with aniline, by the action of sodium amalgam 
an<l water on the preceding compound ; it crystallizes from 
boiling alcohol in very fine white needles, which melt with 
evolution of gas at 152° — 153°. Ammoniacal copper solution 
reconverts it into phenyihydrazine pyroracemic acid,' 
PkenyUiydTazine aceto-acetieacid, C,Hj.NjH=C(CHj)CHj.C04H, 
is not known in the free state ; its ethyl ether is readily formed 
when phenyihydrazine is treated with aceto-acetic ether; its 
exact description has not yet been given. On heating it to 100°, 
alcohol is eliminated ando-iymethyUjuinizine, C,(,HijNjO, formed; 
this is prepared on the large scale and employed in the manu- 
facture of oxydimethylquinizine, or OTttipyrine, C^^i^^Vi^O. 
The latter, which is obtained by the action of methyl iodide, is 
frequently used in place of quinine on account of its powerful 
antipyretic action. These compounds belong to the quinoline 
group, and will be subsequently described. 

Ftirfurphenylhydrarim, CgH^.NjHzzCH.C^HjO, separates out 

at first as a yellowish oil, which soon sohdifies to a crystalline 

' Kbcher mdJourdim, Ber. DmtKh. Ckem. Of. x\L 2211. 



mass. On dissolving it in ether and adding petroleum spirit, 
small yellowish plates are obtained, melting at 97° — 98°. By 
means of this reaction 1 part of furfurol can be detected in 
10,000 parts of water ; by dissolving it in 1,000 parts of water 
and bringing a drop of the solution under the microscope to- 
gether with a di-op of the above-mentioned reagent, a turbidity 
is immediately obtained, followed by the formation of the 
characteristically grouped plates. 

The aromatic aldehydes and ketones behave like forfiirol ; 
their phenylhydrazino compounds will be described under their 
respective headings. 

Phenylhydrazine abo forms compounds with those sugars 
which reduce alkaline copper solution and are either aldehydes 
or ketones (Vol. III. Pt. II., p. 40.5). The reaction does not, 
however, proceed so simply as with the ordinary aldehydes and 
ketones.^ 

Phenylglucosazone, 0■^^^^0^, is formed when dextrose is 
warmed on the water-bath with the hydrazine solution ; it forms 
fine, yellow needles, almost insoluble in water, but readily soluble 
in boiling alcohol. They fuse at 204° — 205°, forming a dark- 
red liquid, a small quantity of gas being evolved. The com- 
pound is formed according to the following equation : 



No free hydrogen is, however, evolved, a simultaneous reduc- 
tion probably taking place, and the yield is, therefore, far below 
the theoretical, being equal in the most favourable case to the 
quantity of dextrose employed. 

The same compound is obtained from laevulose and therefore 
from invert^sugnr, as well as, more slowly, from cane-sugar, which 
is inverted by the hydrazine solution. 

Phenyl galactosazons, G^^^^0^. is prepared from galactose, 
and is vory similar to the preceding compound, but melts at 
182' without any evolution of gas. 

Fkenyl-lactosazonc, C„HjjN,Og. While cane-sugar only reacts 
with phenylhydrazine after inversion, milk-sugar does so directly. 
The compound obtained is tolerably soluble in hot water and 
crystalhzes in yellow needles, melting at 200' with decom- 
position. 



L Fisclier, Ber, Deulach. Chan. Qa, 3 



ii. 579. 



PHENYXMALT0SA20XE. 287 

Fheni/lmaltosazone, Cj^H^N^O,, is obtaiued from maltose, ami 
crvstellizea from hot water in fine, yellow needlea, melting at 
IQQ'—VJV. 

tiorbiii also forma a hydrazine cooijjound, while uiosite anJ 
fctvlialose do quL 



COMPOUNDS OF PHENYLHYDRAZINE WITH 
THE CYANHYDRINS-i 



1074 Pheujiliydrazioe not only furma compounds with alde- 
liydea and kotonea. but also with the cyanhydrins, or nitrila of the 
lactic acid group, which are obtained by the combination of the 
former with hydrocyanic acid. 

a-PhenylAydrcmdopropionitrU. CaHj.N,Hj.CH(CH5)CN, is 
formed by the continued heating of ethidime cyaohydrin 
Clactonitril) with phenyl hydrazine to 100°. It seiiarates from 
liot petroleum spirit in colourless crystals, which are scarcely 
Soluble in water, but dissolve readily in alcohol, and melt at 
SS". On heating with alkalis or dilute acids it ia split up into 
hydrocyanic acid and ethideuo phenylhydrazine. Cold concen- 
ti^ted hydrochloric acid converts it into 

a-J'}ifnylhy<lraxnpropionamide. C„H, NjHyCH(CHj)C0.KH3. 
>wLich forma hard, readily soluble crystals, melting at 124°. On 
l»oiling with caustic soda it forma a-phenylhydrazidopropionic 
a«i<i, f ■,H5.NjH^CH(CHj)C0jH, which is slightly soluble in cold 
Mfater, readily in alcohol, and crystallizes from hot dilute alcohol 
tu lustrous white needlea. melting at 187°. If the solution of 
tJie nitril in absolute alcohol be saturated with hytirochloric 
acid, the ethyl ether, CoHs.N^CH(CH3)CO,.C2Hj, is obtained 
ill crystals, reailily soluble in alcohol, and melting at 1 1 G°. When 
the acid ia boiled with tin and hydrochloric acid it splits up into 
ammouia and «-anilidopropionic acid, thus indicating its con- 
Btitation, which is expressed by the first of the following 
formula?, while the second probably represents that of the pheoyl- 
Hydraeidopropionic acid obtained from pyroracemic acid : 






N— CH; 



.OH, 
\00,H 

KeiBMrt, ibid. i™. 1461. 



C,H,.NH— NH.CB 



./CH. 



SeS AROMATIC COMPOUNDS. 

a-Phmylhydrazulo-uobutyroniiril, C,n^.J^^C(CR^fi^. is 
formed when the acetone cyanhydrin obtained by the action of 
nasceot hy<lrocyanic acid on acetone dissolved la ether, ia heated 
with phenylhydrazine. It is insoluble in water and crystallizes 
from petroleum spirit in needles melting at 70°. Cold concen- 
trated hydrochloric acid has no action on this compound ; when 
it ia carefully dissolved in sulphuric acid and gentJy warmed, it 
yields the anhydride of a-phenylhydrazidobulyric acid, which 
forms white crystab, melting at 175°, readily soluble in acids and 
gradually in boiling caustic soda. On the addition of acids to 
the alkaline solution, the anhydride agniu separates out ; it has 
the following constitution : 

/CH, 

?\ 



C-H,.N— C< 

■ ' \CH, 



HN— CO. 



AZO-DERIVATIVES OF BENZENE. 

1075 Azophenykthyl, CuH5.N5.CjH5, is formed, as already 
mentioned, by the oxidation of the symmetric ethylphenyl- 
hydrazine (p. 278), and is a yellow oil which has a piercing 
odour, volatilizes with steam, and distils at 175° — 185' with 
slight decomposition. 

Azophtnylnitro-ethyl, CgH5.Nj.CjHj(N0^, 18 formed hy the 
action of sodium nitro-ethane on diazobenzene nitrate ' and 
crystallizea from hot alcohol in small rectangular plates melting 
at 136' — 137' with decomposition. If it be triturated with 
alcoholic potash, the potassium salt, CgH^N^OjKjJ-iHjO, is ob 
tained; it crystalhzes in small orange -coloured plates and is 
decomposed by hydrochloric acid with re-formation of azophenyU 
nitro-ethyL 

Azophcnylnitro-propyl, CbHb.Nj,CH(NOj)CHj.CHj, has been 
obtained from potassium nitropropane and diazobenzene nitrate ; 
it crystallizes in broad, deep orange-coloured needles, readily 
soluble in alkalis.' 

AzophcnylnitTo-isopTopyl, CoHj.Nj.C(NOj)(OHj)j, is obtained 
in-a similar manner from nitro-isopropane, and is a non-volatile, 
golden-yellow oil, which b insoluble in alkalis, and forms no 
metallic compounds.* The constitutions of azophenylnitro-ethyl 



and of the isopropyl-compound are expreased by the following 
formultB : 



CHj.CH— NzzN.C^H,, 
NO, 



CH/ 



I 
NO.. 




The fact that the latter formB no metallic compounda is leadily 
explicable (Vol. III., Part I., p. 188), while the behaviour of the 
former aa a ilibaaic acid is very singular. Several salts have 
been prepared, all containing two equivalents of a metal. They 
are probably to be looked upon as basic salts, the formula of the 
potassium compound being CaHgNPjK + KOH + 3HgO. It 
IB. however, remarkable that the normal salts have not been 
obtained. 

Azobenzetie aceto-accUc acid. CoHj.Nj.CHCCO.CHs)COgH. The 
etbyl ether of this compound is formed by the action of diazo- 
beneene nitrate on a solution of ai^eto-acetic acid in caustic 
potash.' In order to prepare it, sodium is dissolved in alcohol, 
the necessary amount of aceto-ocettc ether added, and the 
cooled mixture treated with an aqueous solution of diazobenzene 
chloride : * 



CH, 






CH, 

I 

CO 
=NCoH, = I 

CHNr 



rNC^H, + NaCl. 



CO,.CjH,. 



The ether is very readily saponified by warming with alkalis, 
The addition of hydrochloric acid to the solution separates the 
free acid, which crystallizes from alcohol in small, golden- 
yellow plates, molting at IM"— 155°. The potassium salt, 
C„H^jO,K, forms small, light-yellow plates with a satin 
lostre. 

Az^nzem acclo-acetic ether, CeHj,Nj.CHCCO.CHg)COjCjHj. 
crystallizes from alcohol in hard, lustrous, honey-yellow prisms, 
melting at 75° {Richter and Miinzer), 

Azohenzene dimtthythetone, CgHj.N,.CHyC0.CH3, is fonned by 
"Warming the ether with alcoholic soda, as well as by heating the 
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free acid to 178°— 180°, It crysttJlizes from warm alcohol in 
lustrous, leather-yeUow prisma, and from hot w.tftT in fine, light- 
yellow DeeiUea, which melt at 148° — 149°, and have a peculiar 
odour rendered specially noticeable on wanning, 

Nitro-aiobenzciie ac^io-acctie acid. CeH,(NO^.N,.CH.(CO.CH,) 
COjH. The ethyl ether is obtained by adding a dilute solution 
of sodium nitrite to a well-cooled solution of orthonitraniliQe in 
hydrochloric acid, allowing the mixture to stand for a consider- 
able time and then adding an alkaline solution of aceto-acetic 
ether. It crystallizes froui alcohol iu splendid golden- lustrous 
plates, melting at 92° — 93°. On heating it with caustic potash 
the potassium salt is formed ; this is decomposed by hydro- 
chloric acid with fonnation of the free acid, which crystalUzes 
from hot alcohol in small, yellowish-brown plates resembling 
mosaic gold, and forms yellow salts. 

On heating with ammonia and ferrous sulphate, it is converted 
mXoamido-uzobe'meTie aceto-acetic add, CaH,(NHj)NjCH(C0,CH3) 
COjH, crystallizing from acetic acid in small, orange-red tableta 
with a satin lustre, which melt at 157°, with evolution of gas 
and partial blackening, and arm changed by continued heating 
at 100° into a black syrupy mass. 

NitTo-azohtTmne dimethijlkcKme. CaHj(NOi^.Nj.CHyCO.CHj, 
is obtained by treating the ethyl ether with warm caustic soda, 
or by heating the acid. It is best prepared by passing nitrous 
fumes into a solution of orthonitraniline, dissolving the white 
needles of orthonttrodiazobenzene nitrate thus obtained in water, 
and adding an alkaline solution of aceto-acetic ether without 
coohng. The product is freed from the nitro-azobenzene aceto- 
acetic ether, which is formed, by alcohohc potash, and the ketone 
is recrj^tallized from hot water or alcohol It crystallizes in 
long, sulpbur-yellow needles with a silky lustre, which melt at 
123°— 124*.' 

1076 AzohcnzcTte, C^HjNnzNCgHj. ilitecherhch obtained this 
compound by distilling nitrobenzene with alcoholic jrotash. and 
named it nitrogen henzide.* Ziuin then showed that the first 
product of this reaction is aznhydroxy benzene, C,jHjflNjO, which 
decomposes on distillation with formation of azobenzene, anihne, 
and other products.' Azobenzene is abo formed, together with 
combustible gases, aniline, etc., by heating nitrobenzene with 

1 BambergM, Ber. Jkufach. CTcm. Get. irii. 2416. 

' Pogg. Ann. xrxd. 224. 

' Jmrn. Prakt. Clum. xxiii. S8. 
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soiline.' or by treating it with acetic acid and an excess of iron.* 
Alexejew La6 not been able to obtain it by this last method.' 
According to him and Werigo,* azobenzene is readily obtained 
by acting npon an alcoholic solution of nitrobenzene with sodiuni 
amnJgiim, or with zinc dust and caustic soda : '' 



II 



-4H,0. 



C«H,.NOj 

It is also fanned when nitrosobenzene is heated with aniline 
nitrate:* 

C0H5.NH, + CjHj.NO = CaHBN=NCflHj + H^O. 

It may aUo be obtained by the oxidation of aniline hydro- 
chloride with potassium permanganate (Qlaser)/ ammonia and 
oxalic acid being also formed if the oxidation be carried on 
in an alkaline solution.^ 

Schmidt has obtained it by the action of bleaching powder on 
s solution of aniline in chloroform.' 

In order to prepare it, caustic soda and zinc duat are added 
to an alcoholic solution of nitrobenzene, and, when the reaction 
is over, nitrogen trioxide passed in to oxidize the hydrazoben- 
zene, C,jHi,Nj, which is always formed (Alexejew). Azoben- 
zene ciyatallizes from alcohol or petroleum spirit in yollowish- 
red jiliites which melt at 68° and have a faint odour of roses. 
It boils at 293°, and its vapour has a sp. gr. of 6 5.'° On the 
spontaneous evaporation of its solution in benzene, the com- 
pound Cj.HjgNj -I- CgHg separates out in long, thick, yellowish- 
red prisms, which effloresce in the air.'' If hydrochloric 
acid gas be passed into a solution of azobenzene in carbon 
disulphide, a yellow crystalline compound, (Cj^ioNgJ^SHCl, is 
formed; the analogous hydrobromic acid compound ia a cai-- 
mine-red crystalline mass. Bromine, gradually added to a solu- 
tion of azobenzene in chloroform, forms the addition product 

' HoT! and Coray, Ber. Dffutsch. Chem, Qa. i». BSl. 
' NoWr, Am. Chrni. Pftarm. icviiL MS. 

• Bull. Sm. Chim. (2], i. 23i. 

• Ann. Chem. Pbarm. cxtit. 17fl. 
■ Alexejew, BdlA Org. Chim. Oil. 

• Daefer. Ber. Ikuitch. Ohem. Ga. vil 163S. 
' Ann. Chem. Pharm. cxIiL Sflfi. 

• HoogewBrffand Dcrp, Ber. Dvoiirh, Chem, Qcs. jl. 1938 

• JffUrn. PrtM. Chrm. [2], xrtiL IBfl. 

'* HofniBiin, Ann. Cliem. Pharm. cdv. 309. 
" Schmidt, Ber. DniUeh, Chem. Of. r. 1106. 
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C,^,gNjBrfl, which separates out in large dark-red prisms. 
All these conipounda decompose in the air, leaving a residue of 
azobenzene.' 

1077 Suhstibdion-prod'ucU of azobenzene. These are either 
formed by direct Bubstitution, or by the oxidation of the corre- 
sponding hydrazo-compounds. 

Helting-point. 
Metadichlorazo- ^ ( j ji inii 

h^n^^np* / I orange-red needlea 101' 

benzene,' ) ( • "% IlMOn • 183 -IM 

Metadibromazo- 1 i 

beozene/ (p MR V J hair-like needles . 12-5'5' 

Paradibromazo- r '^li'^s^''.^^ s i largeyeilow needles 205' 

benzene,' ) [ 

Metadi-iodazo- 'J ( 

benzene,* i n vi i -k ) orange-red needles 150' 

Paradi-iodazo- f '-is'^a^a". i r^d scales . . , . 23r 

benzene,* J (_ 

Mononitro-fuoli-iLie'ne, C,gH^(NOj)Nj, is obtained by treating 
azobenzene with fuming nitric acid* It crystallizes from alcohol 
in small yellow needles, melting at 137°. It is reduced by 
ammonium sulphide to amid o- azobenzene, but is split up by 
the continued action of tin and hydrochloric acid into aniline' 
and paradianiidobenzene.^ 

ParadinilTo-azobenaene, C,,Hg(N02)jNj, is formed by the 
action of warm nitric acid, and can readily be separated from 
the preceding compound, since it is almost insoluble in cold 
acetone. It crygtallizee from glacial acetic acid in tine orange* 
red needles, melting at 206°, and is slightly soluble in alcobol 
and ether. Ammonium sulphide reduces it in the cold to 
dinitrohydrazobenzene, on wanning to dianiidohydrazobenzene, 
while it ia split up by the continued action of tin and hydro- 
cbloric acid into two molecules of paradiamidobenzene. 

Mdadinitro-azobenxeTU:- is a red oil, which ia formed togethM 
with the para-corapound, and was not further investigated by 
Gerhardt and Laurent. It dissolves readily in alcohol, ether 



• aahriel, ibid. ii. 1407. 

' WeriRo, An-n. Chna, Phnrm, eiXXT. ] 78. 

• Laurent sdiI Garbirdt. ibid. Imf. 73. 

' JtuioTtiky and Erb, B(r. Deulich. Chcia, Ga. zvlii. 1138. 



and acetone, atiil solitlifies, after staDdiiig for some weeks at 15°, 
a orange-red crystalline magma. On heating witli tin and 
hydrochloric acid it splits up into two molecules of meta- 
diamtdobenzene (Janovafcy and Erb). 

a-TrinUiv-azobcmene, C,jHj(N0j)3Nj, is obtained by the 
action of cold, fuming nitric aeid on paradinitro-azobenzene. It 
crystallizes from acetone in chamois-coloured needles with a 
silky lustre, and from alcohol in long, sulphur-yellow needles, 
fusing at Iti!)' to a red liquid, which detonates violently on 
further heating. 

ff-Trinitro-aJiobensens ia formed by the action of the warm 
acid, and forma ciygtals with a silky lustre, less soluble in 
alcohol than the a-compound, and melting at 180°. 

rf-Trinitro-axobenzene, CgHj.Nj.C5H,(NO^j. Fischer obtained 
this compound by the action of yellow mercuric oxide on a 
warm alcoholic solution of trinitrohydrazobeuzene. It crystal- 
lizes in fine, dark-red prisms, melting at 142°.' 

Azoic nsenenitrolic acui-, CijHigN^O, is formed by adding 
aqueous anmionium sulphide to a hot alcoholic solution of 
nitro-azobenzene, until the colour becomes olive-brown and a 
jermanent precipitate is formed. The compound sejKirates out 
on cooling in yellow flocks, crystalhzing from alcohol in small, 
"brownish-red needles. It forms a deep blue solution in cold 
silcoholic potash, and in warm caustic potash solution, and is 
repreci pita ted by carbon dioxide. An alcoholic solution of 
potassium ferricyanide oxidizes it i^in to nitro-azobenzene, 

Xitro-atobeazenenitrolic acid, CijHg{N0j)N,O, is obtained in a 
wmilar mannner to the preceding compound, paradinitro-azo- 
lenzene l>eing employed, and crystallizes from acetone in lus- 
■*rou3. amber-coloured, monoclinic prisms, which have a blue 
:finorescence. and melt at 218°. It readily dissolves in aqueous 
^Bilkalis and baryta water, forming splendid blue solutions. 

Meteuiinitro-aiohrmene gives an oily nitrolic add, wliich also 
^Siasolvtfs in alkalis with a blue colour. 

Janovsky and Erb consider that the following formula 
express the constitutions of these acids : 

C^j.N=NC,H,N.OII N02.C,H^.N=NCaH^N,0H 

C,HjN— NC^H^N.OH NO,,C„H,.N=NCbH^N.0H. 

' ^iin. CKaa. Plmrm. cic 133. 
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1078 AzohemcTussuIphonic acid, C^^Si^^Ofi + SH^O. Griesa 
obtained this compoimd by dissoh-ing azobeazene m 5 parte of 
fuming sulphuric acid heated to 130°.' It is scarcely soluble 
in dilute mineral acids, slightly in alcohol and ether, tolerably in 
cold, and very readily in hot water, crystallizing iu large, deep 
orange-red plates, which lose their water of crystallization above 
100°, and melt at 127°.* It forma salts which cr^'stallize well 
and are only slightly soluble. 

Fotaesium azobementsidphofuUe, C,,H,NjSOsK, b formed when 
a solution of any potassium salt, except the sulphate, is treated 
with a hot solution of the acid, and separates out on cooling in 
large, yellowish red plates. 

Azohenzenesulphonic acid is, therefore, a very strong acid, 
decomposing even chlorides and nitrates. 

Aidbe>izt:w.»itlphonie chloride, CijHgNjSOjCl, forms orange- 
yellow warty masses, insoluble in water, and only slowly decom- 
posed by boiling water.* 

AzobeftzcnceulpJionavtide, CijHgNjSOyNHj, is a powder, slightly 
soluble in boiling alcohol. 

Axobeitzenedisulpkonie aciih, Cyfi^^i^O^)^, By dissolving 
azobenzene in 5 to 8 jtarts of fuming sulphuric acid heated to 
130°, and then keeping the temperature for two hours at 150' — 
170°, two isomeric acids are formed, and can be separated by 
meaiis of their potassium salts.* 

a-Azobe7tze7tedisulp}ionie add crystallizes with one molecule of 
water in dehquescent, red. concentrically grouped needles ; the 
potassium salt, 2C,jHgNj{SOjK)j-|-5HjO, forms red prisms, 
slightly soluble in cold, readily in hot water. 

The cA;oride,C,jHgNj{SOjCl)j, crystallizes from ether in small, 
brownish-red needles, melting at 220° — 222°; and the aviide, 
Ci^gNj(SOj.NHj),, forms yellowish-red needles or small plates 
which do not melt below 300°. 

If the hot, concentrated solution of the potassium salt be 
treated with stannous chloride, a-hydrazohaizcnedimlphonic acid, 
^isHi((Nj(SOjH)j, is formed, and crystallizes in transparent, 
lustrous tablets, containing water of crystallization. 

0-Asobemcnedistilphmiic acid forms a sjTup; its potassium 
sMilt, 2C„HaN/S03K)g 4- 5H,0, is exceptionally soluble in water. 
and crj'stallizes from alcohol in deep-yellow needles. 



' Ann, Ckem. Pharm. cliv, 208. 

' Skandarow, Zeiiidir. Chem. WD, 843. 

* LimpTicbt, Btr. Dtulack, Chem. Qc*. xiv. 13GS. 
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8 chloride crystallizes from etlier in 6iie, red needles, melt- 
ing at 123° — 125°,andthe amide forms yellowish needles, melting 
at 258'. 

No jS-hydrazobenzenedisulplionic acid could bo obtained by 
treating the potassium salt with tin and hydrochloric acid. 

Meta-asobenunMisiUphonic odd. Claua and Moser obtained 
this compound by the action of sodium amalgam on a solution 
of sodium metanitrobcnzenesulphonato ; ' it may be more readily 
obtained by using ziiic dust and caustic potash.* The free acid 
crystallizes in pale-yellow, deliquescent, monocHnic prisms, con- 
taining three molecules of water ; it forma yellow to dark-red 
■alU. 

The potassium salt crystallizes in yellowish-red needles, which 
are sometimes anhydrous and sometimes contain water. 

The chloride separates from ether in ruby-red needles, and 
melts at 166°, while the amide crystallizes from alcohol in yellow 
needles, melting at 295°. 

On reduction the acid yiehls TnctahydrazobtmenedisitlpKonic 
neid, CijHj(|Nj(SOjH)j, crystallizing in fine, colourless, mono- 
clinic prisms, scarcely soluble in alcohol and ether, slightly in 
cold, and somewhat more readily in warm water. 

Para-azoberaencdi^pkofiic acid is formed by the oxidation of 
mlphanilic acid with potassium permanganate in the cold. The 
potassium salt, 2GjjHgNj(S0jK)( -|- 5H,0, is thus obtained in 
red crystals, slightly soluble in water.' The amide ciystallizes 
from hot water in yellow tablets, melting at 176° (Marenholz 
and Gilbert). 

1079 Azoxphtmeju, C,jH(|,NjO, is, as already mentioned, the 
first product of the action of caustic potash or sodium amalgam, 
in presence of alcohol, on nitrobenzene : 



I 



C.HjN 



0,H,Ni 






C,H,.N, 



C.H.N 



J_^0 + 3H,0. 



It is also obtaineil by oxidizing azobonzcne, dissolved in acetic 
acid, with chromic acid,* as well as, together with azohenzene, by 

' Str. flsiteft, CT«m. Ort. xl. 782, 

» Marenholi an.l Gilbert, Ann. (>S™i. Fharm. cdi. 331. 

' Lsar, Jenni. Prakt. L'hcm. [3], xx. 264, • PetribW, ib:d. tL 657, 



the action of potaflsium pennangaDate on aniiine hydroclitonde 
(Glaser). 

Methyl alcohol ia used in its preparation instead of ethyl 
alcohol, as the oxidation products of the latter seem to take 
part in the reaction and form black masses, which were found by 
Mitscherlich and Zinin to consist of the salts of coloured acids. 

Ten parts of sodium are dissolved in 250 parts of methyl 
alcohol, the solution mixed with 30 parts of pure nitrobenzene, 
and the whole allowed to boil gently for 5 to 6 hours, in an 
apparatus connected with an inverted condenser. The liquid 
becomes coloured brownish-red, but, if pure nitrobenzene has 
been used, remains perfectly clear, the reaction proceeding 
according to the following equation : 

iC^HjNO, + 3CH,0Na = 2C„H,oN.O + SHCO^Na + 3H,0. 

The alcohol is then distilled off, the residue of sodium formate 
and azoxybenzene extracted with water, and the azosybenzene 
allowed to crystallize out; the yield amount* to 90 to 92 per 
cent, of the theoretical.' 

Alexejew obtained it by the action of sodium amalgam on an 
alcoholic solution of nitrobenzene, kept acid by acetic acid. 
According to Moltschanowsky, 87 per cent, of the theoretical 
yield is obtained.* 

Azoxybenzene is insoluble in water, but readily soluble in 
alcohol, and crystallizes in long, yellow, rhombic needles, or, on 
the gradual evaporation of its ethereal solution, in prisms an 
inch in length. It fuses at 30° to a yellow, strongly refractive 
liquid, which solidifies on cooling in a radiating mass (Zinin). 
If small quantities are carefully heated, it volatilizes undecom- 
posed ; when larger quantities are distilled, a portion decom- 
poses into azobenzene and aniline, carbonized products being 
formed. By the addition of three parts of iron filings, the yield o! 
azobenzene is increased to 725 per cent., aniline and decomposi- 
tion products being also obtained. This behaviour adapts it 
for the preparation of azobenzene.* While azoxybenzene in 
alkaline solution is reduced by sodium amalgam to azobenzena 
and hydrazobenzene, the greater portion of it is converted by 
stannous chloride, in an acid alcohoUc solution, into 
(Schmidt and Schultz). On heating with concentrated 



' Klingor, Ber. Dcultch. Chcm. Qa. j 



8l-o nUa Hultschi 



' Schmidt uid Sclmltz, Ltcbi/t Ann. c< 
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^liuric acid it is coDTerted into the isomeric hjdroxyazoben- 
ne :^ 

Suhstiiuiwn jrodueU of Azary^eKynu. The halogen com- 
nnds are obtained from the sabstitotion prodacts of nitro- 
nzene, just as azoxrbenzene is obtained from nitrobenzene, 
ey are converted bj redaction int4> snbetitnted hjdrazo- 
nzenes, and these again by oxidation into sabetitoted azo- 
nzenes. The nitro-compoonds are fi>rmeil by the nitration of 
xybenzene. 

poinc 
^etadichlorazoxy- \ ^ flat lom^ 'Xrhre- 



!.„„..) 



» vC 



»a 



benzene,* f p -a pr v o ^ «^>I«>'3f^ needles 97 

aradichlorazoxy- ^ ^*^ - * i light yellow 

benzene* * ' needles . . 155 

etadibromazoxy- \ L light yellow 

benzene,^ f p xr x> x O < t>roaiipri.^ir3lll — 1115 

aradibromazoxy- jT tt^^ ^4 i small yelLiw 

benzene,^ / ' plates . . . 175' 

I3Ietadi-iodazoxy- j I flat jkHow 

benzene,* r r* xr I X O -- n«^i«^ - • — 

Ifaradi-iodazoxy- ^ " * - - a light yellow 

benzene,* ; [ ^plat«ea . . 100— lOO^o' 

^)rthonitro-azoxy- \ £ yellow prisma or 

benzene^^ f^. fLiVO VO-- ii*^l«^ - - -^'-*' 
^aranitro-azoxy- r -Ta"tF- i/- i a light yellow hair- 
benzene/ / ' like needles . l.'o 



r wic 



formed by heating metanitrofceczenesiilphonio a«:itl -jrjrh ilor.b-.-b: 
potash. It is readily soluble in waner ar-d x..cxA\xL ^ii«i r'.rma 
microscopic yellow needles melting an Ii.'\ S.ji:;:ni .imalgim. 
reduces it to meta-azohenzenefiiaulphuiiic v/l.i. and sr^aiinons 
chloride to the hydrazir^j'^mponnii.* 

> Walbeli and Belfi, £fr. IVnUteiL C^i#fm. ^^. z:iL vl*; 'V.Lti^^^ .^ ,.,, o#-*7i. 

SIS. 
* IflAaA^BBV Mtr, DeMtmA. Clurm, ^>9. -rii. Mil. 
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1080 Hydrdzobenaene, CigHj^Ng. Hofmann obtained this com- 
pound in 1863 by the reduction of azobenzene with ammonium 
sulphide : ^ 

C^H^N C,H,.NH 

II +H,S= I +S. 

CeH, lir C,H,NH 

In order to prepare it, an alcoholic solution of azobenzene or 
azoxybenzene is boiled with zinc-dust until it has become 
colourless, filtered, and precipitated with water (Alexejew). It 
is slightly soluble in water, readily in alcohol, and crystallizes in 
colourless tablets, smelling like camphor, and melting at 136". 
On distillation it decomposes into aniline and azobenzene : 

On oxidation it is readily reconverted into azobenzene ; in the 
damp state, therefore, it becomes coloured in the air, and its 
alcoholic solution readily absorbs oxygen. 

Hydrochloric or sulphuric acid converts it into benzidine : 

CeHg.NH CeH^.NHj 

1=1 
CeH,.NH CeH,.NH,. 

The product thus obtained is a mixture of two isomeric diamido- 
diphenylenes. It is also formed by passing sulphur dioxide 
through an alcoholic solution of azobenzene : 

CeH.N CeH^.NH, 

I +2H2O + SO, = I +H^0,. 

CeH,.N C^H, NH, 

When azobenzene is heated with a considerable excess of acid 
ammonium sulphite and alcohol, the ammoniiun salt of amido- 
diphenylsulphamic acid is obtained ; this is converted by sul- 
phuric acid into benzidine, and has, therefore, the following 
constitution : * 

CeH,.NH, 



CeH,.NH(S03H). 
These compounds will be described under diphenyL 

1 Jahresh 1868, 424. 

' Spiegel, Ber, Deutseh, Chem. Oes. xviiL 1479. 
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Diacetylhydrazobenzeney C^^^^i^Q^fi)^, is formed by boiling 
hydrazobenzene with acetic anhydride, and forms large, thick, 
yellow, rhombic crystals, slightly soluble in cold water, more 
readily in hot, and readily in alcohol (Schmidt and Schultz). 

Svistitution products of hydrazobenzene are obtained by the 
reduction of the substituted azobenzenes or azoxybenzenes, as 
well as from the substituted nitrobenzenes. Monosubstitution 
products have not yet been obtained. 

Melting- 



CigHi^Cl^N, 



Metadichlorohy- 

drazobenzene,^ 
Pai-adichlorohy- 

drazobenzene,* 

Metadibromohy- \ 

drazobenzene,* f p xr -p xr 
Paradibromohy- r '"w^io^rjiMj 

drazobenzene/ ) 

Metadi-iodohy- 

drazobenzene,* 
Paradi-iodohy- 

drazobenzene,* 



crystals resembling 
gypsum. . . . 



point. 

122** 



^12^10^ 2^2 



crystals .... 

short thick prisms 107—109" 

fine needles . . . 130" 

spherical aggrega- 
tion of crystals . 89—90" 

flat needles ... — 



^SwneT } C,^io(NO,),N, | yeUow needles . . 220° 

Trinitrohydrctzohenzene, CiJIg(iJO^^T!f^ Fischer obtained 
this compound by the action of picryl chloride on phenyl- 
hydrazine : 

CeH,NH ^ NH, + CeH,Cl(N0,)3 = CeH,.NH - NH.CeH,(N0^3 

-hHCl. 

It crystallizes from glacial acetic acid or acetone in short, dark- 
red prisms, which melt at 181" with evolution of gas, and 
deflagrate when more strongly heated. Mercuric oxide con- 
verts it, in alcoholic solution, into 7-trinitro-azobenzene (p. 
293).7 

a-Diamidohydrazobenzene, Q^^yJIJ^H^^^. Gcrhardt and 
Laurent prepared this substance by boiling paradinitro-azoben- 
zene with alcoholic ammonium sulphide; they gave to it the 

^ Ijaubenhcimer, ibid, viii. 1624. 

' Hofmann, ibid, v. 918 ; Calm and Heumann, ibid. xiii. 1181. 

» Gabriel, ibid. ix. 1405. 

^ Werigo, Awn. Chem, Pharm. clxv. 192 ; Calm and Ueumann. 

• Gabriel. 

* Julie Lermontow, Ber. Deuf4ich. Chem, Ges. y. 231. 
^ Anil. Chem, Pharm. cxc. 182. 
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formula, CijHg(NHj)gNj, and named it diphenine. Julie lier- 
luontow subsequently showed that when dinitro-azobenzene is 
treated with ammonium sulphide in the cold, dinitrohydrazo- 
benzeoe is formed, and that this is converted into diamidohydra- 
zobenzcne by warming with the sulphide. It is slightly soluble 
in cold, more readily in hot water, and forms a yellow crystalline 
powder, melting at 145°. It is converted into paradiajnido- 
benzene by heating to 100° in a sealed tube with ammonium 
sulphide, and into quinone by oxidation with manganese dioxide 
and Hulphuiic acid. Its hydrochloride, C\jH,oNj(NHjCl)j, 
crystallizes in red scales, slightly soluble in water. 

^-DiaTnidohydrazdbemene. Haarhaus obtained this compound 
by the action of sodium amalgam ou an alcoholic solution of 
metanitraniline, and named it hydrazo-aniline.' It may be 
readily prepared by the reduction of metanitraniline with zinc 
dust and alcoholic potash* and is slightly soluble in water. 
readily in alcohol, and crystallizes in golden-yellow needles, 
melting slightly higher than 140*. On heating to 100° with 
ammonium sulphide it is converted into paradiamidobenzene 
(LciTOontow). Its hydrochloride crystallizes in small golden- 
yellow plates. 



HYDROXY- AND AMIDO-DERIVATIVES OF AZO- 

BENZENE. 

THE AZO-DYES. 

io8i All azo-conipounds are coloured, but only those which 
contain an atnido- or hydroxyl-group are dyea, In 1876 the only 
azo-dyes in use were amido-azobenzene. or aniline yellow, and 
triamido-azobenzene, or pheuylene brown. Since that time, 
however, a large number of azo-dyes has been discovered 
through the labours of Caro, Grieas, Poirrier, Witt, and others, 
and, owing to their simple formation from the numerous amido- 
compounds and phenols, they have come into very general use. 

The simplest compound of this class is aniline yellow or 
amido-azobenzene, obtained by the action of aniline on diazo- 
benzene chloride ; diazo-amidobenzene is first formed, and is 
converted, in presence of aniline, into amido-azobenzene : 
CgH5N=N.NH.C,Hj = C8H5N=N.CoH,.NHy 



-, DcvUeh. Clitm. Or* xviiL HOS. 
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When potassium pheoate is addod to diozobeiizeiie nitrate, 
hydroxyazobenzene is directly obtained ; 
C,H.N=N,NO, + C,Hj.OK = CgHjN=NCflHj.OH + KNOj. 

The formation of an inttirmediate diazobydroxy- or diazo- 
amido-compound hiis not been observed in the preparation of 
ttiis and other azo-dyefl. Among the diam id o-com pounds only 
those of the meta-series form colouring matters. Metadiamido- 
benzene combines with diazobenzene chloride, diamidoazoben- 
zene or chryaoidine being formed : 

CjE^N^NCI + CbH^(NHj)j = CjHsN=NC^,CNHj}, + HCI. 
Metodi hydro xybenzene or resorcinol yields metadihydroxyazo- 
tenzene, CaH^N^zCoH/OH)^ 

According to Witt's proposal, the dyes obtained from meta- 
diamido-com pounds are called chrystridines, and those obtained 
from metadihydroxy-compounds, ckrj/to^m} The colour of tlieso 
compouRds is darker the higher the molecular weight; thus 
amido-azobcnzcne is yellow, diamido-azobenzene orange, and 
triamido-azobenzene brown. 

If paradiazobenzenesnlpbonic acid be used instead of a 
diazo-salt, the sulphomc acids of the azo-dyes are obtained; 
t.he8e are called tropaeoliTis, because the shades of colour which 
■they produce resemble those of the flowers of Tropaeoliim mq/'us. 
They are distinguished in trade according to their shades as 
S'ropaeolin Y {yellow}, Tropaeolin (orange), and the deeper, 
redder ones aa 00, 000, etc." 

These sulphonic acids may also bo obtained by the action of 
sulphuric acid on the azo-dyes. 

When nitrogen trioxide is passed into an alcoholic solution of 
&midu-azobenzene hydrochloride, a diazo-compound 

ia formed, and this is convej-ted by aniline into an aniido- 
a^-compound. CaH„N=NCgH,N=NCaH,.NHj. which is a 
csolouring matter. Similar reactions with other amido- and 
ixydroxy-compountls. as well as with their sulphonic acids, lead 
"to tlie buikling up tif very complicated azo-dyes.' 

Among these numerous compounds those derived from 
naphthalene are of special importance, but only those of the 
"enzene group will be described at present. 

" Witt, ibid. xii. 258. 



At first only the imter soluhle Bulphonic acids were com- 
mercially employed as dyes, sioce the application of the spirii 
solvhle colouring matters waa prevented by practical difficultieB ; 
these have now been overcome, it having been found that the azo- 
compoundB combine with acid sodium or ammonium sulphite to 
form soluble compounds, decomposed by steaming or by the 
action of alkalis, and that the dye can thus be fixed directly on 
the fibre.' 

The sulphonic acids give analogous compounds, which form 
yellow solutions when tlie azo-dye has a red colour, and red 
solutions when they are derived from blue colouring matters, 
All these atilphite-compounds are characterized by a great power 
of crystallization , and their crystals possess in greater or less 
degree a dark colour and metallic lustre ; since, as already 
mentioned, they readily decompose with formation of the 
original colouring matter, they do not correspond to the 
amidodtphenylsulphauiic acids (p. 29S), but are addition-products 
of the general formula:* 

X— N— H 

I 
T— N-SO,Na. 

io8a Hydroxy azohenzcne, CflH5.Nj.CaHj.OH. Griess olitained 
this substance, together with phenol bid iazobenzene (p, 304), by the 
action of barium carbonate on diazobenzene nitrate, and named it 
phenold iazobenzene.* He then found that the same compound 
is formed when azobenzenesul phonic acid is fused with caustic 
potash,* while Kekul6 and Hidegh prepared it by the action of 
potassium phenate on diazobenzene nitrate.* It may also be 
obtained by heating the isomeric azosybenzene with sul- 
phuric acid (Wallach and Belli)," To prepare it, 30 grms. of 
potassium nitrite dissolved in 4 litres of water are added to 20 
grms. of phenol and 20 grms. of aniline nitrate dissolved in 2 
litres of water, the mixture allowed to stand for two hours, and 
the precipitate filtered off. On treatment with ammonia a 
resinous substance remains undissolved and is separated by 
filtration, the filtrate being then precipitated with hydrochloric 
acid.^ 

' Cni-o ttud SoUraulie, Btr. Dcutxh. Otem. Oa. ivii, ttf. (52, xviU, rof. 10 

' Spiegel, ibid. svHl 1479. ' A'm. Chen. Pham. cxxxvii. 81. 

* jUd. cUv. EOS. " Bcr. DmlwlK Clum. Qtt. iii. 32*. 

• Ibid. xiii. 626. ' Maizara, Jahretb, 1879, *66. 
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Hydroxvazobeiizene is slightly soluble in water, readily in 

alcohol, and cn-stailizes in yellowish-red rhombic prisms, melting 

St 152°^154°. It readily dissolves in alkalis and forms metallic 

salts. The silver compound is a yellow precipitate which 

. detonates at 100°. 

OrffifiirarifazobtiKfnfStUpkonie add, Cfi^{^Ofi)^fi^^.OM, 
is formed when hydroxyazobenzene,^ or more simply azoxy- 
benzene,* is heated to 100° — 110° with 5 parts of fuming 
sulphuric acid until a small portion is completely soluble in 
water. On dilution with water the monosulphonic acid separates 
out after twenty-four hours, while the di- tri- and totraaulphonic 
acids remain in solution. 

It forms small, reddish plates with a metitllic lustre, which 
are readily soluble in water and alcohol. The potassium salt, 
C,H/S0,K)N,C5H,,0H + H^O, crystallizes in small, yellowish- 
red, lustrous plates or flat needles, tolerably soluble in cold, 
- readily in hot water. When it is reduced with stannous chloride 
no aniline is formed, whence it follows that tlie sulpho-group and 
the bydroxyl are not situated in the same benzene nucleus. 

fi-HydTorymolicnzenfsulphonic add, C^^(^0^)T^fi^^.O\i, is 
obtained by dissolving 1 part of phenol in lU parts of a 10 per 
cent, solution of caustic potash, and adding the corresponding 
amonnt of diazosulpbanilic acid. The yelluwish-red solution is 
saturated after some time with acetic acid, the potassium salt, 
CaH^(SO,K)NjCoH,.OH, being thus precipitated in small, an- 
hydrous, lustrous plates,^ which are still less soluble than those 
of the isomeric compound (Wilsing). The acid, which is obtained 
from the salt, crystallizes in yellowish-red prisms, having a blue 
surface lustre, which are readily soluble in pure water, but only 
slightly in acidulated water. It is split up by the action of tin 
ftod hydrochloric acid into aulphanilic acid and paramidophcnoL 

The sodium salt, CnHj(SO,Na)NjCnH,.OH, occurs in commerce 
under the name of Tropacolin X, as a pale yellow powder, which 
has not much value as a dye. 

y-Sydraryozol-cmenesiilphonk add, CaH/SOjH)N,C^H,.OH. 
Griesa obtained this substance by the action of metadiazoben- 
zenesiil phonic acid on an alkaline solution of phenol. It is 
readily soluble in water and crystallizes in long, narrow, pent- 
agonal plates having a violet surface lustre. Tin and hydrochloric 

' Tichirwinaky. Srr. DmUek. Chfni. Qu. tK. 680. 
» Wilaing, Aim. Chem. Pharm. eat. 228. 
* Grieb^ But. Detttaeh. Chem. On. xL 21BI. 
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acid decompose it iato metaniidobenzenesulphoiuc acid and 
paraiaidophenol. The pQtassium salt, CuHgN^SOgK, crystallizes 
in long needles. 

t-HydroxyazobeKieneetilphffnie acid, CoHsNjCaH,(SO,H)OH. is 
obtained by the action of diozobenzene nitrate on an alkaline 
solution of phenolorthosulphonic acid, and is precipitated by 
strong hydrochloric acid from a concentrated aqueous solution, in 
small, lustrous yellow plates. On the gradual evaporation of its 
solution it is also deposited in large, cherry-red, rhombic tablets 
or prisms. On reduction it yields aniline and amidopbenolsul- 
phonic acid. 

The pota^ium salt, CjjHjNjSOgK. forma small, narrow, 
lustrous plates or needles (Qriess). 

Phenalbidiasobenze-ne, C,aH,^N^O. This name has been given 
by Griess to a compound which he obtained, together with 
hydroxyazobenzene, by the action of barium carbonate on 
diazobenzene nitrate. It is also formed by treating diazobenzene 
chloride with caustic soda, or by adding diazobenzene nitrate to 
an alkaline solution of hydroxyazobenzene,^ and crystallizes 
from hot alcohol in brownish red needles or small plates, which 
melt at 131° and have a metaUic lustre. It is split up by 
the action of tin and hydrochloric acid into aniline and diamidu- 
pbenol," C«Hs(NH2)sOH (4:2: 1). It must therefore have the 
following constitution ; — 

HO.O„H,< 1 

Caro and Schraube' obtained an isomeric compound by the 
action of potassium pbenate on the diazo-compound uf amido- 
azobenzene, concerning which they only state that it is split up 
by nascent bydrogeu into aniline, paradiamidobeuze.ne, and 
paramidophenol : 

CoHsN— NCflH^NrrNCaH.OH. 
1083 ZHhydroxyazolKitsen^, Ci,HgNj(OH)j. According to 
thei.iry twelve isomerides can exist, sis containing the hydroxyls 
in tiie same benzene nucleus, and six containing one hydroxyl 
in each nucleus. The latter, termed azophenols, are obtained 
by fusing the nitrophenols with caustic potash.* 



* Ber. DtttUdi. Chem. Oa. x. 2230. 

* Btoedikt tad Weaelsky, Ann. Chum. Pham. c 
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ihiko-^izopAenol, C,Hj(OH)N,CaH,.OH, crystallizea in small, 
golden, lustrous plates, melting at 171", and subliming with- 
out decomposition. It is insoluble in water, slightly soluble 
is alcohol and readily in ether ; it forms a yellow solution in 
fcbe alkalis. 

ParoHtzophenol is formed by adding a solution of potassium 
pheuato to diazoparapbenol nitrate, as w^ as by the action 
of caustic potash on nitrosopbenoL' It is slightly soluble in 
-^water, readily in alcohol, and forms light-brown triclinic prisms, 
^3Lelting witb decomposition at about 204)°. 

MdadihydrorjfowhciiMne, Phenylazoresorcinol,OTlte»orciiu>}a2oben- 
^stne, CjH5N,CgHi,(OH5j, is obtained by the action of diazobenzene 
:^E:utTate on an alkaline solution of resorcinol ; it crystallizes in 
i^red needles, which melt at 168°, and are readily soluble in alcohol 
aand alkalis.' 

IHhydroxyaMheTiztn€9ulphon%c acid, 0^11,(30^11) NjC,H,(OH)^ 
:5s formed by the action of fuming sulphuric acid on the 
^yreceding compound, as well as by that of paradiazobenzene- 
^olpbonic acid on an alkaline solution uf resorcinol.^ It is 
slightly soluble in cold, somewhat more readily in hot water and 
:an alcohol, and crystallizes in smidi, ruby-red, pointed rhombic 
plates with a steel-blue surface-lustre. It is split up by the 
miction of tin and hydrochloric acid into sulphanilic acid and 
amidoresorc inol. 

The acid potassium salt, CaH.CSOjK)NjC,Hj(OH)p ciystal- 
lizes in small, yellow! shred, rhombic plates; both it and 
the corresponding sodium salt occur in commerce under the 
names Tropa/oUn or S, Chrysoin, &c. ; it is chiefly used, 
in combination with other dyes, for olive-greens, chestnut- 
browns, Ac. 
FhtnyiditoMrraorcinol, or Eeeorcinoldiaazobtnzme, 
(C.H,N^|,0,a,(OH)„ 
is obtaineJ in the preparation of phenylazoresorciuol ; it is 
only slightly soluble in alcohol, and crystallizes in broad, red 
needles, which melt at 220° — 222° and form a brownish-yellow 
wdation in alkalis or sulphuric acid. On n-duction with tin 
aod hydrocidoric acid it yields djamidoreaorvinol and aniline 
(lieberm&nn and Kostaneckl). 
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a-Bcaorcinoldiaazobenzene ia formed, together with the ,8- com- 
pound, by the action of diazobenzene chloride ou an alkaliiie 
.solution of pLenylazoresorcitiol : 

CbHjN=NC«H3(0H)s + CaH.N^^CI 

>CflH,(OH),+HCI. 

It is slightly soluble in alcohol and ether, more readily in chloro- 
form, and crystallizes in brownish red, matted needles melting 
at 213°-215° ; it forma a tordoaiix-red Bolution in caustic soda, 
and colours sulphuric acid a pure red. 

fi-BesoTcinoldiscaobemene is a red crystalline powder, insoluble 
in caustic soda ; it dissolves in alcoholic potash with a brownish 
red, and in sulphuric acid with an indigo-blue colour.' 

BemenedisazobenzeneresoTcinol, or Aio-azohenzeneresarcittol, 
C,H,N=NC6H.N=NCgH3(OH)j, is obtained in two isomeric 
modifications by dissolving equal molecules of amido-azobenzene 
and resorcinol in alcohol, adding sufficient acetic acid, and treating 
the well-cooled hquid with an aqueous solution of oue molecule 
of Bodium nitrite, the mixture being well agitated. The a- 
compound is a brownish red crystalline powder, soluble in 
alcohol, and melting at 183°-18i''. It dissolves in aqueous 
alkalis and in concentrated sulphuric acid with a carmine-red 
Colour. 

The ^-compound is also a brownish red powder, which takes 
a metallic lustre when rubbed, melts at 215", and is insoluble in 
alcohol and aqueous alkalis ; it dissolves in alcoholic potash with 
a bluish violet, and in sulphuric acid with a pure deep blue 
colour (Wollach and Fischer). 

1084 Amido-azobeiizene, CoHgNrrNCflHj.NHj. In the year 
1863 the firm of Simpson, Maule, and Nicholson brought into 
the market a new dye called anilijie-yellow, obtained by the 
action of nitrous acid on aniline.* Martius and Griesa found 
that this was the oxalate of a base, which they named amiilo- 
diphenylimide, CijHuNj.' At the same time Kekul^ showed thai 
this body is formed by a molecular change from the isomeric 
diazo-amidobenzene when the latt«r is allowed to stand in contact 
with an aniline salt, and must therefore be considered as amido- 
azobeuzene ; * this observation was confirmed by Schmidt, who 

' Wsllich «nd FUcber, Ber. DenUth. CAbtb. Qa. %y. 2SH. 

> Mine, Jahrab. 16S1. 496. 

* ZtUaA. Vham. 1888, IBS. * Hid. 1866, 68S1 
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Ij" **-*>■ X Bed tiiesamesuhstancebythe reduction of nitro-azobeuzune.' 

^ i^s also formed by heating au aniJine salt with sodium ataanate.* 

*^ Jjrepare it, 2 parts of aniline hydrochloride are gradually 

^^■*^^d with an aqueous solution of 1 part of sodium nitrite, the 

^^tnjtprature not being allowed to rise above 60°. After some 

*^**>-e an excess of hydrochloric acid is added, and then water, the 

*^iiclo-azobenzene separating out, while the excess of aniline 

*^*Taains in solution and may be recovered.' 

Amido-azobenzene is scarcely soluble in water, but readily in 
^*-x^:ohol, and crystallizes in yellow rhombic needles or prisms, 
^*^«]ting at 127°'4. It boils above 300* without decomposition, 
"*-^ oxidized by manganese dioxide and sulphuric acid to quinone, 
^*-iid reduced by nascent hydrogen with formation of aniline and 
l:iaramidobenzene ; its constitution is, therefore, represented by 
'^'lie following formula : 



)NrzN/~\NHj. 



-Amido-azobenzene is a weak monacid base, and its salts are 
a^ily decomposed by water. 

Amido-azobenzeM hydrochloride, C|,HjjNj.ClH, crystallizes 
^rom a slightly acid, boiling, saturated solution in lustrous, 
Uoish violet needles or scales. This salt, or the oxalate, forma 
the commercial aniline-yellow; it dyes wool and silk a fine 
yellow, but, as it is volatile in steam, is not much employed 
for dyeing goods; it is, however, used for the preparation of 
other dyes, 

Amido-axohenzencmlphonic acid, C^^(^O^^s=NC^^.'ii^^, 
is obtained Irom sulphanilic acid by converting this into 
paradiazobenzenesul phonic acid by means of sodium nitrite and 
hydrochloric acid, adding aniline, removing the excess of the 
latter by hydrochloric iicid, and precipitating the snlphouic acid 
with common salt. It is also prepared by treating amido- 
azobenzene with strongly fuming sulphuric acid, and washing 
the product until it is free from sulphuric acid.* The substance 
thus obtained, which contains the disulphonic acid,^ occurs com- 
mercially as a paste, under the names Acid-yellow or Eehtgelb, 



' B«r. Deuheh. Chem. Grs. v. 4S0, 
' SohilT. Aim. Chem. Pharm. Piivii, 34fi. 

' Gnuuler, Diitgl. Folyt. Jintm. cexxxu. 193 ; Thomas snd Witt, Jaur. 
Clurm. Sof. 1383, i. 112. 
• GriUaUr, CA«n. Ind. ii. 49, 34fl; iti. 171. 
' Nietiki, Ber. Deulath. Clum. Of. liii. SOO. 
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H and is uBcii as a yellow dye for wool and silk ; it is also 

H employed in the preparation of Biebrich scarlet, a colouring 

H matter which will he deacrihed under naphthaleue. 

I Methytamido-azobenune, Ci'K^.N^.CgE^'S{C'iis)B.. U obtained 

H by heating aniido-azobenzenc with methyl iodide ; it crystallisea 

H in brick-red needles melting at 180"; its hydrochloride forms 

H violet needles.^ 

I Dimtthylamido-azobenzeM, C„H,.Nj.CflH,N(CHg),. Griess ob- 

H tained this substance by the action of dimethylaniline on a 

H diazo-salt.^ It is also formed when equal molecules of the 

H hydrochlorides of anihne and dime thy laniline are dissolved 

V in water and treated with an alkaline solution of sodium 

W nitrite : > 



■ C,H,.NH,C1 + C,H,.N(Ciy^Cl + NaNO, + N»HO . 
C,H,.N,,C,H,N(CHJ, + 2NaCl + 3H,0. 



*«» 



It may ako he prepared by the action of methyl iodide on 
the preceding compound ; it crystallizes in small yellow plates 
melting at 115°, and its hydrochloride forma purple-red, hair-like 
needles. 

ThecorTespondingsulphonicacid,CoH/SO,H)NjCaH,N(CH5)^ 
is obtained by the action of dimetbylaniline on paradiazo- 
benzenesulphonic acid, as well aa by dissolving dimethylamido- 
azobenzene in fuming sulphuric acid containing 30 per cent, oi 
sulphur trioxide, allowing the solution to stand for twenty-four 
hours and precipitating with water (Mohlau). Hydrochloric acid Ji> Jjd 
precipitates it from a boiling alkaUne solution in microscopic oi^fc 
needles, which soon change into small, strongly-lustrous, violet .*-;c^_iet 
plates or prisms (Grioss). It forms a solution in concentrated £>^^«I 
sulphuric acid with a yellowish -brown colour, which on dilution«:x<z»i)n 
becomes a splendid red. 

The ammonium salt occm^ in commerce under the name^feE»,«iies 
Gotden-orange, Hdianthin, Tropaeolin D, and Orange III., ftn<F-» j-w- .nA 
is used for dyeing wool and silk. Its aqueous solution, evem^^en 
when dilute, has a dark, reddish yellow colour, which is changec>-;^'5ed 
by the slightest quantity of free acid into a hght red ; it iii ig 
therefore used instead of litmus in titrations, its solution hein* ,«::»: _d^ 
much more stable and moi* sensitive towards acids.* 

' Btiju, Ber. DtnOKh. Clurni. Ot». ivii 1400, 

' Ibid. I. fi28. 

1 Mnhlaa, Btr, Dtutach, dum. Gu, xnL 14S0. 
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Pkenylamuio-azobemfne, CgS^J^figR^'SSiC^n^). is formed by 
the action of dipheiiylamine ou diazobeazene chloride in aJcoholic 
solution. It ia readily soluble in alcohol and ether, and crystal- 
lizes in small, golden-yellow, lustrous plates or tine prisms, 
melting at 82°. An alcoholic solution is first coloured a splendid 
violet by aciils, and then deposits the salts in grey crystals. This 
compound dissolves in concentrated sulphuric ucid with a green 
colour, which is converted into indigo-blue, and then into 
reddish violet by the aiMition of water. 

(C^Hj), is obtained by acting on paradiazobeazenestdphonic 
acid with dipbenylamine, and crystallizes in grey, hair-like 
needles with a steel-blue lustre ; it is only slightly soluble in 
water, forming a light-red solution, but somewhat more readily 
in alcohol and acetic acid. The potassium salt, CyHi,NjSOjK, 
occurs in commerce as Tropaeolin 00, Oranr/e IV, or Orangt N. 
It is only slightly soluble in cold, but readily in hot water, and 
crystallizes in flat, dichroic needles, generally arranged in the 
shape of a fan, which appear light- and dark-gold en -yellow, and 
are often an inch loiig.^ Small quantities of the mineral acids 
diminish its solubility ; its slightly acid solution dyes silk and 
wool a fiery golden-yellow. This tropueulin is, like helianthiu, 
an excellent indicator fur titrations, since its solution is coloured 
red by the slightest excess of a free acid, while carbon dioxide 
and sulphuretted hydrogen produce no change.' 

loSj Axjimmetric diamido-axoUnMnf, Cfi^ ^O^^il^Yi^^ 
was prepared almost simultaneously by Caro and Witt ; ' it ia 
obtained by the action of metadiamidobenzeue on diazobenzene 
chloride ; it is slightly soluble in water, readily in alcohol, ether, 
&c., crystallizes in fine yellow needles, melting at 11 ""'S. and is 
split lip by reduction with stannous chloride into aniline and 
1:2:4 triamidobenzene. It« constitution ia, thei-efore, expressed 
by the following formula : 

NHr 



It is a monacid base ; its hydrochloride, CijHjjN^.HCl, occurs 
in commerce under the name of Chrifsoidin, and forms lustrous 

' Witt. Ber. DfuUch. Ch/im. Qa. lii. 258. 

■ T. Miller, ibid. xi. 4fl0 ; DanileivHki, ibid. jit. 115 ; TiopuoUn OOO nr 
tuphthobuolKiuGiie-iutphoiiic avid. C,.H^OH)XrC,H,.SO,H, bebavea in ■ 
pndaelj oppoiita mannitr, since it in tumcd red by kllulii, and u ft auM deliote 
naa«nt for tbeie. 

• Ar. DetUtcK. Chan. Oa. x. 3S8. 
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iieedles, greeuisb black by reflected light aad deep-red by 
transmitted ligbt, which form a bruwuish red sulution iu water. 

Chrysoidia dyes wool and silk orange-red ; it absorbs the 
chemically active rays of the spectrum to a very large extent, 
and is tberefure used, dissolved in dilute shellac varnish, by 
photographers for covering the window of the dark room ; it ia, 
however, gradually decomposed by the action of the ligbt 

IHaviidiiditaMAemme, Ofi^l!i^G^/^U^^:^^.C^^. is formed 
by the action of chrysoidin on diazobenzene nitrate, and 
cryatallizea from chloroform in dark-red lustrous needles or 
small plates, which melt at 250" and detonate when more 
strongly heated. It is a weak laoiiacid base and forms salts 
which are decomposed by water.* 

Paradiamido-azohenzcnt or Parazo-anilvK, 
N H^CbH,.N,.CbH,.NHj. 
In order to prepare this compound, an alkaline solution of 
paranitracetanilide is treated with ammonia, zinc dust and a 
little platinum chloride ; after some days, para-azosyacetanilide, 
Nj(CjH^.NH.C^aO)jO, separates out,and on evaporation of the 
mother liquor, paradiamidobenzene and para-azo-acetanilide 
N,(CflH^,NH.CjHjO)j, are obtained ; the former of those is 
removed by dilute hydrochloric acid and the latter then 
converted into parazo-aniline by heating with hydrochloric acid.' 

This is also formed by reducing paranitracetanihde with iron 
and acetic acid, and then diazotizing. On adding anihae to the 
neutral solution thus obtained, a bright-yellow diazo-amido- 
compound separates out, and is converted by heating with 
aniline and aniline hydrochloride into acetyldiamido-azobenzene, 
NH3.CoH,.N,.C„H,.N(C^H,0)H; this is then decomposed by- 
heating with dilute sulphuric acid,* 

Parazo-anihne crystallizes from dilute alcohol in long, flat, 
golden-yellow needles, melting at 235°, On gradually adding 
hydrochloric acid to the alcohohc solution, the colour is first 
changed to a dark-green, which is then converted into red ; this 
is caused by the formation of a normal and an acid salt, the 
former of which, C,jHjj'N^(HCl)j, crystallizes in almost black 
needles with a green surface lustre. 

Para midohtnzene-azodimttkylaniline , 

CflH/NH^NaCjH,N(CH,)y 

' Qriess, BtT. Deutteh. Ohem. Qtn. xvi, 2028. 
* Milter. Jmerie. Chan. Jmtm. v. 1 aiid 2e2. 
■ KieUki. Her. Dtutick. Chem. Qa. zvii. 3(3, 
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JSdeldola has given this name to a base which is obtained 
>y ^Hing an aqneaas s*jliii:on of diazoparaniux'^benaeiie 
rhioride to a well-cooled solotion of dimethYlaniline hvdriv 
rhloride; the hTdrochlonde of paranitrobenzene-azodimethTl- 
iniline is thus fonned, and cnrstallizes in long n^i needles 
ith a splendid blue metallic lustre. On tr^^tment with 
^BLniinonia this yields the free base, which separates £rom scJation 
1 n hot alcohol in reddish-brown, microscopic needles. mvJts at 
^229'' — 230^ and is reduced bj ammonium sulphide to the 
^axnido-compound. This ciystallixes from dilute alcohol in small 
^■3rick-red needles having a feeble metallic lustie, and melting 
^3^t 182^ — 183°; its salts readily dissolve in water forming red 
dutions. Its alcohoUc solution is coloured green by acetic and 
oxalic acids, and red by the addition of water. On heating the 
with aniline and aniline hvdrochloride, a violet dve. which 
one of the indulines (p. 313), is obtained. 
Nitrous acid converts the base into a diazo-compound. the 
^^^ery dilute, neutral or slightly ammoniacal solution of which 
^a^ssumes a splendid blue colour in the air : this soon di<;appeAr9k 
»rown flocks being deposited. Traces of nitrous acM can be 
letected by means of this reaction more readily and with grvatex 
^c^ertainty than by metadiamidobenzene (p. 240}, since 1 part 
^^f sodium nitrite in 64,000 parts of water gives a distinct 
^colouration. 

If the base be dissolved in hydrochloric acid and tivattxl with 

dust, dimetfayldiamidobenzene is obtained.^ 
zo86 Azylints. lippmann and Fleissner^ have given this 
lame to a group of compounds obtained by the action of nitrogen 
dioxide on tertiary amido-compounds : 

2CeH5N(CBy5 + 2N0 = (CHj),N.C^H,X=NC^H,>\X"H^>. 

+ HjO + O. 

No oxygen is set free but resinous oxidation pnxliiots are 
formed. 

Nolting obtained the same compound by treating a woU- 
oooled solution of dimethylparadiamidobenzone in hydnx^hloric 
«cid with sodium nitrite and, after some time, adding a solution 
of dimethylaniline in glacial acetic acid : 

(CH3),NC,H,=NCI + CeH,X(CH3), = 
(CH^,NC^H,N=iNCeH,N(CHs)j + Ha. 

1 Joum. Chem. Soe. 1884, L 106 

* MmaUk, Chem. iii 705 ; Ber. DeuUck, Chem. Gat, xiil. 2163 ; xvi 1415. 
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It is also fonned by the action of methyl iodide on paramido- 
benzene -azodi meth y laniline .' 

Dincthiftaniline-aiyiine, Nj(CgH,,'N(CHJj)., separates from 
benzene in red crystals, fusing at 266° to a green liquid, and 
forming a deep-green solution in glacial lujetic acid. 

Diethylaniline-aiyline, N;.(C9H,.N(C,Hs)j),. is slightly soluble 
in cold, more readily in hot alcohol and crystallizes in reddish- 
brown, monocUnic needles which have a blue surface lustre and 
melt at 170°. On adding potassium nitrite toils solution in acetic 
acid, paranitrosodiethylaniline is formed, and it is split up by re- 
ducing agents into two molecules of dicthylparadiamido-benzene. 

The azylines are dyea, but they have received no application 
on account of their costly preparation. They are derived, like 
amidobenzene-azodi me thy laniline, from parazo-aniline ; this may 
therefore be called azyline, the other compounds being most 
conveniently designated aa follows ; 

Dimethylparazo-aniline or dimethy lazy line. 
Tetramethylparazo-aniline or tetramethylazyline. 
Tetra-etbylparazo-aidline or tetra-ethy lazy line. 

Triami(i.o-^obemene, NH^C,Hj.Nj.CaH3(NHj)j. The hydro- 
chloride of this base, C,bH,jNj(C1H)5,, is a splendid brown dye, 
which was first manufactured by Roberta. Dale, and Go,, and 
brought into the market under the name of Manchester brovm ; 
it has also been called Phenyhne brovm, Vemvin, &c. It ifli 
obtained as a brown crystalline mass by treating a cold diluta 
hydrochloric acid solution of metadiamidobenzcne, generally called 
phenylene diamine, with sodium nitrite, and is much used iit 
wool dyeing. On account of the ready formation and intense 
colour of this dye, metadiamidobenzcne is, as already mentioned 
(p. 240), employed as a delicate reagent for nitrous acid. 

The commercial product also contains other bases in s 
quantities. When it is decomposed with ammonia and the 
mixture extracted with boiling water, triamido-azobenzene goe« 
into solution, and on cooling crystallizes in small yellowish-reel 
plates, melting at 137°.' 

Its constitution follows from that of chiysoidin, and is ex- 
pressed by the following formula : 

JJHj _NH, 



NH,< 



' Cbio and QrUM, ZeittAr. CAem. [2], iii. 27& 



Azodihemenephenylmediamirui, C,B^.iii^-C^li,.'S^.G^n,(HU^}^ 
Griess obtained this compound by the action of diazobeozene 
chloride on metadiamidobenzene. It crystallizes from chloroform 
in fine, brownish-red needles, melting at 185°. It differs from 
the isomeric diamidodia azobeuzene (p. 310} in being a tolerably 
strong diacid base.' 



THE INDULINES. 

1087 This name has been given by II. Caro to a pecnbar 
group of blui;, violet, and black dyes, which occur in commerce 
under ihe names Indigo susCitute, Bengaltne, Nigrosine, Blai-Noir, 
Sleu-Coupier, Gris-Cinipie.r, &c. These are employed in dyeing 
and calico-printing, and are chiefly used for the production of 
the so-called fancy shades ; they give fast colours, but no brilliaDt 
shades. They are also used in the preparation of inks and 
varnishes,' 

The wcUtT-solvhle hiduUnea are the alkali salts of induline- 
aulphonic acids, while the spirit-soluble consist of the hydro- 
chlorides or sulphates of the bases, and are readily soluble in 
alcohol, and also, to a ahght extent, in water, 

AzotUphenyl Blite. The first colouring-matter of this group, 
the induline, par exeellewx, was prepared by John Dale and 
H. Caro in 1863 by heating a solution of sodium nitrite with 
aniline hydrochloride.' According to Hufmann and Oeyger, the 
amida-azobenzenc first formed acts upon the excess of aniline in 
the following macmcr : 

The hydrochloride is a crystalline powder which is insoluble 
in water, and forms a violet-blue solution in hot alcohol.* 

Azodiphenyl blue is also formed when phenylamido-azobenzene- 
sulpbonic acid (p. 309)' is heated with aniline :* 

C8H,(SO,H)N=NCaH,.NHCCaH5) -(- CjHjN = 
CgH.CSO.HJNH, -I- C,gH,jN3. 

It is further obtained by heating aniline with nitrobenzene ; at a 
higher temperature, and in presence of hydrochloric acid it is 

' Ber. Deulaeh. Chan. Get, i»i. 3033. 

' r«ro. Die Induline, Newt ffitnduOiterb. d. Ckcin. iii. 788. 

* iter. DeiilMh. Chan. Oa. v. 17:!. • Witt, ibid. xvu. 1*. 
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converted into triphenylenedi amine, C^gHuNj, a substance which 
is eimilar to azodipbenj-I blue, and may be prepared by heating 
diphenyliuntue hydrochloride with uitrobenzcno : ' 

C,jH,iN + CaHjNO, = C^HuNj + 2HgO. 

ViotanUiae. This substance, obtained by heating aniline with 
arsenic acid,* and Conned as a by-product in the mauufacture 
of roaaniline, is isomeric, or perhaps identical, with azodiphenyL 
blue ; it is prepared from the residue left in tbe purification of 
rosaniline. 

According to the researches of Thomas and Witt it appears 
that the reaction which takes place when aniline hydrochloride 
is heated with amido-azobenzene is not so simple as has hitherto 
been assumed ; but that, as well as azodiphenyl blue, the typical 
induline, a whole series of other indulines is obtained.* 

In order to prepare tlieso a mixture of 4 parts of aniline, 
1 part of aniUne hydrochloride, and 2 parts of diazo-amido- 
benzene is allowed to stand for twenty-four hours, the latter being 
thus converted into amido-azobenzene. If the mixture be now 
heated to 100' the first product of the reaction is azopkcnine, 
CjjHjgNj, a monacid base which was first obtained by Kimich by 
heating nitrosophenol with andiue acetate. It crj^stallizes from 
hot aniline in small, garnet-red plates, melting at 236' — 237", 
and forms a violet solution in sulphuric acid, which becomefl 
azure blue at 300°, and shows a carmine-red fluorescence whea 
diluted with water. By the action of tin and hydroohloria 
acid on azophenine, various substances, among which aniline an^ 
paradiamidobenzene have been recognised, are formed. 

When the mixture is heated up to 125° — 130°, after the for- 
mation of the azophenine, this disappears, the liquid becomeS' 
blue, and in twelve hours the formation of a new colouring 
matter is complete. On cooling, the hydrochloride of indiiline SB, 
C^HjjNj.HCl, crystallizes out in small, lustrous, brown plates. 
The base forms warty crystals, dissolving in Unibne and alcob<4 
with a purple colour : its salts dye wool and silk a light blue, 
while the sulphouic acid gives a deep blue, and they are 
employed for producing a fine, fast grey on cotton. 

The mother liquid from the SS contains the hydrochloride oi 
an induline, C,gHjjNjHCl, which is identical with azodiphenyl' 

' Wic^elhnng uid Dechend, ibid. viiL IflOB. 

* Ginird Dakire sod Chapotmnt, Jan. Chem, Pluam. etUi SOt. 

• Joium. C/iem. tioc 1S88. L 113 ; WiK, iac. cit. 



Uue ; it yields an insolublt: sulphonic acid, wliilo its salts form 
teddisb blue solutions and readily dye silk. 

Induline 65, (.'juHj^NS.HCl, is formed when the temperature 
is allowed to rise to 165° — 170°; it is, however, best obtained, 
by heating ft mixture of 100 parts of amido-azobenzene, 
130 parts of aniline hydrochloride, and 300 parts of aniline for 
four to five hours to 110°, then adding 65 parts of aniline hydro- 
chloride, and maintaining the whole for twenty-four hours at a 
temperature of 165° — 170". 

The salt forms gretn lustrous crystals which readily lose 
hydrochloric acid. The base crystallizes from aniline in needles 
with a green metallic lustre. On heating with sulphuric acid. 
sulphonic acids are formed, the salts of which are valuable 
blue dyes. 

Blue induline colours are also obtained vheo atnido-azo- 
naphthalene, O^gH^jNg, is employed instead of amido-azobenzene, 
&c, ; if. however, the aniline be replaced by orthotoluidine, 
CjHj(NHj)CH3, or amidonaphthalene, C,(,H/NH^, red dyes are 
formed. 

When a mixture of aniline, nitro -benzene, and hydrochloric 
acid is heated with iron filings, iuduliues of a deep blue-black 
colour are obtained. The nigrosincs, which also give blue-black 
shades, are formed when, instead of iron filings, oxidizing agents 
such as arsenic acid, stannic chloride, &c., are added. 

They are employed for producing grey, and grej'ish blue, to 
black-blue shades on silk. wool, leather, &c. 

Various indulines may be prepared by heating violaniline 
with aniline and acetic acid.' 

The water-soluble indulines are used in the preparation of 
coloured inks ; according to K. Bottger, an ink which does not 
attack steel pens and is not altered by acids or alkalis, may be 
prepared by triturating 4 grms, of nigrosine * with a mixture 
of 24 grms. of alcohol and 60 drops of hydrochloric acid, and 
diluting the deep blue liquid with a hot solution of 6 grams, of 
gum arable. in 100 grms. of water. If, insteitd of the gum, a 
solution of 6 grms. of shellac in 100 grms. of alcohol be added, 
a varnish is obtained which gives a fine black surface to specially 
prepared wood, leather, or brass. 

io88 Aniline-black is an oxidation product of aniline, and is 
much employed in calico-printing, since it gives a deep, fast 

' Wolff, Jn/ireah. Chem. 1879. 1168. 

* Erroneoiialy tailed unUiiie.black by bim ; SFhulli, Chan. StHiiohUnUutr, 
IfttS. 
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black, and can be produced on the fibre itaelf in conjunction with 
any other colours which can be fixed by steaming. 

As early as 1834, Runge observed that when a solution of 
cupric chloride is spread on a porcelain plate heated to 100°, 
and a drop of a solution of aniline nitrate added to the dry 
residue, a greenish black stain ia obtained (p. 195). 

Fritsche, in 1843, found that a dark-blue precipitate is ob- 
tained by the action of potassium chlorate on a solution of 
aniline hydrochloride,' and Hofmann obtained the same result 
with chlorous acid.* In 1860 Wilm used this reaction for dyeing 
cotton, and in the same year Calvert, Cliff and Lowe, of Man- 
chester, found that when a piece of cotton-cloth is saturated with 
a dilute solution of potassium chlorate, dried and treated with a 
solution of aniline hydrochloride, a green colour is gradually 
developed, which is fixed in the fibre and cannot be removed 
by washing. If the material be then passed through a solution 
of potassium dichromate the Evieraldiru is converted into the 
black -blue As^irine. 

In 1863, John Lightfoot, of Accrington, found that when the 
cloth is printed with a mixture of potassium chlorate, aniline 
hydrochloride, and cupric chloride, and hung up in the ageing- 
room, a deep green is produced, which is converted iuto a fine 
deep black by soaping, 

On account of its fastness, aniline-black soon caroe into 
general use. It was then found that the above mixture attacked 
the metallic portions of the printing machines, and also the 
fibre of the material, and must therefore be improved. Of the 
various methods proposed for this purpose, that of Lautli has 
proved the most convenient ; copper sulphide, obtained by 
decomposing copper sulphate with sodium sulphide, is used 
instead of a soluble copper salt ; it is only gradually oxidized, 
and prevents the presence of free hydrocliloric acid or oxides 
of chlorine. 

Lightfoot also observed that salts of many other metals, 
e.ff. iron, cerium, vanadium, &c. could be employed instead of 
those of copper. The compounds of cerium and vanaitium were, 
however, so scarce that no one thought of applying them to 
calico-printing. Ammonium vanadate has since that time 
become an article of commerce, and is largely used, in accordance 
with Guyard's proposal, instead of copper sulphide, since an 
exceedingly small quantity is required, a very fine black obtained, 

> Joam. FrakL, Chmi, ixviu. 202. ' Ann. Chtm. Pharm. xl»u. 67.^ 
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and the rollers and docton of the printing machines are not 
attacked by it. Chlorate of sodium or barium is now generally 
employed instead of the less soluble potassium salt. 

In the formation of aniline-black, the metallic compounds act 
as oxygen carriers, and therefore only those metals can be 
employed, the compounds of which are readily brought from a 
higher to a lower state of oxidation, and can then be reoxidized 
by the chlorate.^ 

The colour obtained in the manner described above was, how- 
ever, found not to be a permanent black ; on exposure for some 
time it takes a dirty green shade. This alteration is caused by 
the action of sulphur dioxide, formed in the combustion of 
imperfectly purified illuminating gas ; other dilute mineral adds 
produce the same shade, which may be removed by washing and 
soaping. This discolouration may be jM^vented by passing the 
cloth, after the black has been developed, through a dilute solu- 
ti<Mi of potassium dichromate to which sulphuric acid has been 
added ^Jeanmaire). 

Acoc»ding to Kochlin, aniline black only turns green when it 
has been prepared in the cold ; while when it has been developed 
at a temperature of 70^ no change takes place. 

Aniline-black is also formed by the action of pcttaasium 
permanganate on aniline sulphate,* and separates out at the 
poQtive pole when salts of aniline are electrolysed.' 

The homologues of aniline take no share in the fcTmaxicin of 
the black, and the finest, deepest colour i& therefc*re, obuined 
in calioo printing when pure aniline is employed. 

Aniline-black is an amorphous powder. inscOuUe in all 
Ofdinarr reagents ; it is a weak base, which has reoeivei the 
naaofe nupntUiin^, C^H^S^ and combines with two ei:;iivakms 
of an acid to form dark-green unstable salts, which are p&rd&ijj 
d&Dconpcis&d by water. On treating these, or the base iiitelf. wiih 
a fioiuticoi of potassium dichromate to which sulphuric ac3ii has 
been added, the unalterable black is obtained as a vic^lti -black 
powdta-. which takes a yellowish metallic lustre whcoi rabK\i. 
Accsording x* Nietzki, this is the chron^aic^ and oonTAins aK>ut 
6*2 pw oent- of chromic acid, CrOy. Aquts^xis sul}\hurous acid 
dfiCKimpOBeE IT. forming the alteiable bl^^'k. whiio chi\>mium 
ssaqidaxide gc«e5 into solution Nietzki . 



3 ^yimvd. 3vZi. Soc ClUm. [2], rr. 5& 

« IL Mrns. Hrr. DrviMzk. CkniL. Grji. ix. :4i. 



Liechti and Suida differ entirely from Nietzki as to the com- 
position of aniline-black and its derivatives. By the action of 
barium chlorate on aoiliue sulphate, they obtained aniUne 
chlorate, crystallizing in absence of air in colourless prisms ; in 
presence of air these tako a steel lustre, become blue-black, and 
are completely converted into pseud omorphs of aniline-black or 
emeraHine, C,gHuClNj. All the Nvlts of this compound contain 
chlorine, which cannot be removed even by the action of silver 
oxide. The unalterable black is not a chromate but contains 
chromium sesquioxide, CrjOj. and is also formed by the action 
of bleaching powder solution and other oxidizing agents on 
emeraldine ; it is an oxidation product of this, and therefore 
contams oxygen, while a portion of the carbon is evolved as 
carbon dioxide during its formation.^ 

Aniline-black dissolves in concentrated sulphuric acid with 
formation of sulphonic acids, the alkali salts of which dissolve 
in water with a blue-black colour. The solution is decolourized 
by reducing agents, but regains its original tint on exposure to 
the air. 

On beating aniline-black with aniline acetate, an induline i« 
formed, the hydrochloride of which crystallizes in needles having 
a cupreous lustre. 

When aniline-black is oxidized with chromic acid solution, a 
considerable quantity of quinone is formed, while on treatment 
with tin and hydrochloric acid, or hydriodic acid and pbosphoms, 
it yields paradiamidobenzene and paradiamidodipbenyl amine, 
together with resinous products containing liydrocarbons.* 

On heating with zinc dust, dipheuylamine, diphenylene- 
diamine, and diamidodiphenylamine, together with smaller 
quantities of aniline, paradiamidobenzene and ammonia are 
formed (Liechti and Suida). 



MAUVEINE AND THE SAFRANINES. 

1089 The first aniline dye which received practical applica- 
tion was discovered by W. H. Perkin in the Easter vacation, 
IbSC He writes: 

" It has been known for many years that the hypochloriteB 
react on aniline or its salts, producing a purple solution. In 

' Diagl. Folyt. Jattn. otliv. 266. 

' NipUki, Brr. Deuttch. Chtin. Gta. li, 1083. 

* Private communk'atlou. 
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tJBtt, hypochloritea are the diatiDguishing teat ftjr aniline ; but 
xaothing' definite was known of the nature of tliis purple sulutioD 
at being simply sbited. that aniline produced with hypochlohtea 
zk. purple liquid, but that ita colour was very fugitive, 

" As many absurd statements have heen made respecting tlie 
•discovery of aniline purple, I will briefly mention how it was 
t^t I first became acquaiuted with it. 

" In the early part of 1856 I commenced an investigation on 
the artificial formation of quinine. To obtain this base, I 
firoposed to act on tuluidine with iodide of allyl, so aa to form 
^lyl-toluidine, which has the formula ; 



C'H '.N -. 
H j 



C,.H„N, 



"thinking it not improbable that by oxidizing this I might obtain 
the desired resulta, thus : 



Kfi. 



Allfl-tDlaidine. Qaiaiae. 

"For this purpose 1 mixed the neutral sulphate of allyl- 
tohiidine with bichromate of potassium ; but, instead of quinine, 
I obtained a dirty reddish brown precipitate. Nevertheless, 
being anxious to know more about this cuiious reaction, I 
proceeded to examine a more simple base under the same 
circumstances. For this purpose I selected aniline, and treated 
ilB sulphate with bichromate of potassium. The mixture pro- 
'liieed nothing but a very unpromising precipitate ; but, on 
investigating this precipitate, I found it to contain that substance 
frhich is now, I may say, a commercial necessity, namely, 
uniiine purple." ' 

The first aniline colour made a great sensation; Perkin 
patented it on August 2Cth, 18.56, and prepared it on the large 
Scale. Other patents were soon taken out for the preparation of 
this colour, and it came into the market under different names, 
euch aa Tyriau purple, Amlinc violet, Perkin's violet, Mallow 
dye or Mauve, &c. ; the li\st of which is most generally used. 

After Perkin had discoveretl tho dye, he naturally investigated 

the action of bleaching powder on salts of aniline, to determine 

whether aniline purple was formed or not, but he obtained no 

definite results. Some years after, however, mauve was prepared 

' (Juarl. Joarn, CHom, Soc liv. 232. 



3H) 



AROMATIC COMPOUNDS. 



on the large scale in France by Runge's reaction, and Perkin 
fouuit that it can readily be obtained in tbia manner, hut that 
it is not the first protluct of the reaction. Runge, aa we ha»8 
seen (p. 195), stated that a blue colouration is produced, and ' 
gave the name kyanol to aniline on account of this reaction. < 
This colouration is obtained wlieu a dilute solution of bleaching 
powder is added in small quantities at a time to a solution of 
aniline hydrochloride. If, however, too much bleaching powder 
be added, brown products are formed and the solution takes a' 
dirty violet tint. Common salt added to the pure blue solution ' 
precipitates a dark tarry mass, from which cold benzene extractal 
a brown, resinous fiubstance. The residue, which Perkin namefti 
Range's blue, forms a fine blue solution in alcohol, and dyes silk, 
blue. On heating the solution, however, mauve is formed, w 
that tliis substance is obtained by heating to boiling thaj 
product of the action of bleaching powder on an aniline salt.' i, 

To prepare mauve according to Perkins method a solution ofi 
aniline sulphate, containing toluidine, is treated with sufficienfri 
potassium dicbromate to allow of the formation of iiormal| 
pot-issiuni sulphate. After about twelve hours a black pre-^ 
cipitatfi settles out and is washed, dried at 100°, and extractedi 
with light coal-tar oils to remove resinous products. The colour- 
ing matter is obtained from the residue by treatment with boilingl 
wood-spirit or ordinary alcohol, the yield amounting to 4 to 5 ^pet- 
cent, on the aniline employed. 

According to the method patented by Dale and Caro, wbicll 
was employeil for a long time by Roberts, Dale and Co., of Man* 
Chester, for the manufacture of mauve, a salt of aniline is heatedi' 
with cupric chloride, the solution being kept neutral, A black, 
precipitate is formed, which is purified by the method jual' 
described. \ 

Tlie residue left after the extraction of the colouring matter ii.{ 
aniline-black, or some very similar substance, and is used as 
black pigment. 

Mauve is the oldest of the so-called aniline dyes, but it waai 
soon superseded by others, such as Hofmann's vii)Iet, Paris bluoi! 
&c., which are much more fugitive, but at the same time mucU 
finer colours. At the present time mauve is only manufacturedt 
byPoirrier, of Paris, in small quantities, and occurs in commercaj 
as a paste ; it is used for English stamps, and for giving a vrhttal 
appearance to skeina of silk.* 

■ Quart. Journ. Cliem. Soe. [S], vil 2S. "- Suhuttz, SleinJcoklenOeer, IfMB^l 
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According to Parkin's researches, mauve U tlie sulphate of a 
powerful base, which he names Maiireine, CqUj^N^, and which 
will be subsequently described. 

Usuveine is not, as was assumed, a derivalive of jniiv^ Ik-d- 
lene, and Perkiu found that paratoluidiue is uecrssoxy for its 
fonnation, which proceeds according to the foUowiug equation : 

C.HjN + 3CjH,N + 50 = C„Hj,N^ + 5H,0. 

The aniline which was used for the manu^ture of the mauvo 
only contained a few per cent, of paiatoluidine, and hence only 
a sniaU yield could be obtained. Mauveine should therefore bo 
described among the derivatives of toluene, bnt aa its constitu- 
tion is still completely unknown, it may find Its place here as 
llie first aniline dye. 

In the prepar^ition of mauve a similar, but much more 
soluble, colouring matter is formed ; Perkin has namei the base 
of this substance PseKdovutuvt-^ne, C^^Hj^Nj, and, as heeii from 
the formula, it is not a lower homologue of mauvt'irie, Pcrkin 
considers it to be a derivative of pure aniline, as by the oxida- 
tion of the latter he obtained a colouring matter which reserobloa 
pseudomauveine in every respect. It seems not improbahlo 
that the mauve obtained from aniline by thir action of bleaching 
powder is a salt of pseudomauveine. 

1090 Previous to his discovery of pseudomauveine, Perkin 
liad observed a fine red colouring matter which is obtained from 
nauveioe by oiridation. This was brought into trade for a long 
time under the name of Aniline-jiink, or Sa/raniw., but iU 
preparation was given up on account of its costly nature. 

At a somewhat later period a safranine with very stinilar pro- 
perties was introduced and is still manufactured. It is a 
derivative of orthotoluidine. has the formula OjjHj,NjCI. and is 
decomposed' by silver oxide, but not by alkalis (Hofmann and 
Oeyger).' It is now called tolusafmniue, to distinguish it from 
the compound obtained from mauveine. which is the next lower 
homologue,- and has been named parasafrimiiie by Perkin. 

An entire series of safranines is now known. A geneml 
method for their formation is the oxidation of a mixture of one 
molecule of a paradlamido-base with two molecules of a mono- 
amido-baae in a hot. neutral, aqueous solution. Potassium 
dichiomate is generally used as the oxidizing agent. The 

L ess ; Perkin, ffrut. T2S. 



ass AROMATIC COMPOtTNDS. 

simplest compound, phenosafratiine, ia obtained from panidi' 
amidobenzetie and aniline : 

CflHgNj + SC^HjN + 40 = C,gHjjN, + 4H,0. 

As it is necessary to wotk with tbe salts of the amido-b«tsea, 
a salt of the saftanine, and not tbe free base, is fonned. When 
the hydrochlorides are used, tbe chloride, CigHj^NjCl, is obtained; 
this is generally considered as phenosafranine hydrochloride, 
C,gH,,Nj.HCl, although, like all safranine salts, it behaves as a 
salt of a compound ammomum, tbe base b^ing probably a 
hydroxide, C^HijN^.OH, Tbe formulm which have hitherto 
heen given to these bodies will be used in tbe sequel 

Safranines are also formed when one molecule of aniline and 
one molecule of orthotoluidine or metatoluidine, or two mole- 
cules of the latter are substituted for the two molecules of ani- 
line. One molecule of the monamido-base may also be replaced 
by paratoluidine, but if two molecules of this be used, tbe form- 
ation of tbe colouring matter does not take place. A molecule 
of monomethylaniline, dimethytaniline, &c., may be substituted 
for one of the molecules of anibne, but if two molecules of a 
secondary or tertiary monamiue are employed, no safranines arc 
obtained. They are also formed when asymmetric diethyl- 
diamidobenzenc, NHj.CjHjN(C^Hj5. is usetl, but this cannot be 
replaced by tbe symmetric compound CaH^(NHCjHJy The 
paradiamincs may he replaced by substances such as the 
dicbloroquinone-imides, or the tertiary nitrosamines, which 
yield a paradiaraido-compound on reduction, and have a direct 
oxidizing action on the mon amines. 

On oxidizing a mixture of a paradiamine and a mouamine at 
the ordinary temperature, blue, green, or violet substances are 
obtained, some of wbicb remain unchanged, while otht-rs decom- 
pose, forming safranines and other compounils. If, however, the 
oxidation be carried on in a warm solution in presence of a 
monamine, tbe formation of the safranines proceeds smoothly.' 

These have the general formula C„H2n-2sN„ or more prob- 
ably C„H2i,_jiNjOH; the free bases are almost unknowD, but 
they form salts which, in most cascs, crystallize well, are not 
decomposed by alkalis, and are red to violet dyes. On treat- 
ment with reducing agents, they take up four atoms of hydrogen, 
and are converted into colourless substances, or Uitcosa/ranina* 
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WUch are readily re-oxidized, even by exposure to tlie air. 
According to Nietzki, they behave like other colouring mattets, 
and only take up two atoms of liydrogeo on reduction.' 

All Ktfranines form eplendid green solutions in sulphuric acid ; 
on the gradual addition of water, the colour changes first into a 
bluish green, and then into a pure blue. If more water be then 
added, tlie solution becomes coloured putple-blne, and passes 
through all intermediate shades back to the original colour of 
the safranine. 

This, as well as some other facts, ^vhich wiU be subsequently 
mentioned, points to the conclusion that the safranines not only 
form a normal salt containing one equivalent of an acid hut 
also a moiiacid blue, and a diacid green compound, both of 
which are decomposed by water. This is confirmed by the 
observations of Landauer, who has found that each of the 
coloured solutions possesses a characteristic absorption spectrum : 
" The green solution absorbs the violet, blue, and red rays, the 
bluish green behaves similarly, but absorbs less in the red ; the 
liluc solution only absorbs yellow light, and as the colour 
changes to violet and red, the region of absorption approaches 
the green." 

Landauer has also observeil that the change of colours takes 
place in the inverse order when the solution ia evaporated, and 
is reproduced on re-dilution as described above. By soaking a 
piece of filter-paper in & concentrated solution of the sulphate, 
"v^arming it until it had become green, and then allowing a drop 
of water to fall ujxin it. he obtained immediately a red spot 
surrounded by a deep blue ring. Ho argues from this that the 
dliange of colour is due to the formation of different liydrates,* 
fcut it seems more probable that the other explanation is correct, 
c^nd that Landaner's substance contained free actd. 

1091 Mauvtine, CijHyN^. Perkin obtained the free base by 
^Ldding caustic potash to a boiling solution of commercial crystal- 
1 ized aniline-purple or mauve, which he found to bo the sulphate, 
C^'fr^M^4)!^*-**f^2- "^^^ hose separates out on cooling as an 
^klmost black, glistening, crystalline powder. It is almost in- 
soluble in ether and benzene, but forms a violet solution in 
alcohol, which becomes purple on the addition of an acid ; strong 
^i«id8 change the colour to blue, and, on further addition, to 



dirty green. Maaveme ts a strong base, and readily decomposes 
ammonium salts.' 

Mativtiru hydrofhioridf. C^H^N^.HCt, separates from a boQ' 
ing alcoholic soitition in small prisms haying a strong gre«i> 
metaUic lustre. It is moderat*rly soluble in alcohol, less so io 
water, and almost insoluble in ether. If a solatioa of platinmn 
chloride be added to the warm alcoholic solatiim, m&aveine 
platinichloride, (C^HjiN^JjHjPtCl,. separates out in ciystals 
vith a splendid green surface lustre, which become golden- 
colonred on drying. 

When stroDg liydrocbloric acid ts added to a concentrated 
solution of mauveine acetate, the blue liquid soon deposits 
crystab) which have a cupreous lostre and appear blue by trans- 
mitted light. This compound is the acid salt C^Hj,NjfIICI)., 
for it gives a platinichloride, CjjHj,N,.H,PtCl^ which also 
possesses a blue colour and a.cnpreous lustre. Both compounds 
are decomposed by water.' 

Mauveine hydrobromidf, Cj,HyN^.HBr. is similar to the 
hydrochloride but less soluble. 

Sfauvc'inc ht/driodide. C^Hj^Nj.HI, crystallizes in prisms with 
a green metallic lustre and is still less soluble than the hydio- 
bromide. 

Aeid vutKveine carbonate, C'nHj^Nj.HjCOj. When a solution 
of the base is allowed to stand over mercury in contact with 
carbon dioxide, the latter is rapidly absorbed, and the violet 
solution becomes purple. In order to prepare the carbonate, 
carbon dioxide is passed through boiling alcohol containing 
mauveine in suspension. The salt separates out on cooling in 
prisms having a. green metallic lustre, which are apparently 
.mixed with a little of the normal carbonate. It rapidly loses 
carbou dioxide in the air, and is completely decomposed at 100*. 

Mauvtine. acetate, C^B^'S^.Cfifi^ also forms fine crystals 
with a green metallic luati-e. 

Elhylmaiiveirte was formerly prepared on the large scale ; it 
is formed when the acetate is heated with ethyl iodide and 
alcohol. The cooled solution is filtered from the crystals of 
mauve'ine hydriodide which are deposited, the excess of othyl 
iodide removed by distillation, and the residue diluted with 
alcohol and brought into the market under the name of dahlia. 
It dyes a shade which lies between those of mauveine and 
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los&niline. and is as fast as mauve. In its prepantion, spleodid 
crystals with a goMen green metAllic lostre and of the composi- 
tion CgHj,(CjHs)Nj.Hl.I, are frequently formed. 

EthylmauvelTte hydroekioride, C„Hjj(CjHJN^.HCl.i3 prepared 
from the hydriodide by double decomposition willi commoQ salt. 
It Is a brownish red. crystalline powder, which forms a purple- 
red solution in alcohol and Is not deooraposed by alkalis. The 
nitrate forms crystals having a green metallic lustre. 

Psewlomativeine, C^H^jN,, is verj- readily soluble in alcohol ; 
on allowing the solution to e\'aporate and grinding the residue 
with water, the liquid takes a satin lustre, showing that the 
base is probably crystalline. It dyes the same shade as 
mauveine, gives the same riACtinns with sulphuric acid, and 
readily absorbs carbon dioxide. 

J'aeiulormniveine ki/drocMoride, C.,H^N,,HC1, is precipitated 
by strong hydrochloric acid from a solution of the base in dilute 
hydrochloric acid. It is tolerably soluble in water, and so readily 
in alcohol tliat the solution can be evaporated to a symp without 
the salt separating out; on evaporating to dryness, a residue 
having a golden green metallic lustre is left behind. 

109a Paragafranine. C^HjgN^, is obtained by the gradual 
addition of lead peroside to a boiling solution of.mauve acidified 
with acetic acid ; ' manganese dioxide and sulpliuric acid may 
also be employed as oxidizing agents.^ In this reaction there 
ia also formed a much less soluble puri^le colouriug matter, 
which yields colourless products on farther oxidation. This 
persistently adheres to the parasofranine and can only be 
removed by adding caustic soda to the concentrated solution, 
filtering, precipitating the parasafranine by common salt, and 
repeating tlie operation until the purification is complete. The 
piwluct consists of the hydrochloride and is obtained pure by 
recrystallizatioD from water and dilute hydrochloric acid. 

Parasafranine hydrochloride, CjjHjgN^.HCl, fonns crystals 
similar to those of magenta, which have a green metallic 
lustre, are readily dissolved by water, and dye silk a splendid 
scarlet-red. 

ParaaafTanine nitrate, CjuH^gNj.HNOj, is slightly soluble in 
cold, more readily in hot water, and crystallizes from hot 
alcohol in long needles with a dark green metallic lustre, which 
appears dark garnet-red by ti'ansmitted light, 

' Perkin, Jbum, Chan. See. 1879. i. 7S$. 
' OaU and Scliorleinner, Hid. 082. 
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rhcnoaafranine, C,gH„Nj. is formed by oxidizing a hoi 
solutioii of two tnoleculus of aniline fttid one molecule ^ 
para<liami(iobenzene,' or of equal molecules of aniline and p&i* 
diamidodiphcnylamine with potassium dichromate,* or M 
treating aniline with nitrous acid, redacing the product, whi*** 
contains araido-azobenzene, with tin and Lydrocliloric acid, a 
then oxidizing with a boiling solution of potassium dichromat-^-* 

When pseudomauveme is oxidized, a colouring matter ^^^ 
sembling parasafranine and which is perhaps phenosafranine, 
obtained (Perkin). 

Phcnomfranine hydrocMurule, CjgH,^N,.HCl, crystallizes - -«j| 
flat needles having a beetle-green lustre, wluch are slights "^ 
soluble in cold, readily in hot water. Hydrochloric acid pr* 
cipitates it almost completely from its aqueous solution. Th« 
nitrate is a similar substance, and the sulphate forms long, stee^^ "^ 
blue needles. On heating the hydrochloride with acetic anhydrid^^^ 
diacelT/lpkenosnfraninc hydrochloride, C,gHjjNj(CjHjO)j.HCl, i*--* 
formed in small, brownish red plates having a metallic lustre ^^ 

which are insoluble in the ordinary solvents, but form a violet 

red solution in weak alcoholic caustic soda, while on heating; 
with a strong alkaline solution they are decomposed into acetic * 
acid and plienosafranine. 

Wlien sodium nitrite is added to a solution of phenosafrauioe 
acidified with hydrochloric acid, a blue colouration is produced, 
and on the addition of gold chloride, fine, greenish grey needles of 
diazophenosafranine aurichloride, CijHuNjCljCAuClg),. separate 
out. The corresponding chloride has, therefore, the composition 
C,aH,jNjClNi=NCl, Since the salts of the diacid diazopheno- 
safranine are coloured blue, like the unstable monacid salts of 
phenosafranine, it seemed probable that green diacid salts of a 
diazo-compound, the chloride of which would have the formula 
CisHijNjCI(NjCljj, might be obtained. Nietzki, therefore, 
added water to the green solution of phenosafranine in 
sulphuric acid until the colour began to change to bluish 
green, cooled the liquid with ice, and then added sodium nitrite. 
The solution thus obtained was coloured greeu and was not 
altered by the addition of water; clearly, therefore, a diazo- 
compound had been formed, but could not be further investi- 
gated on account of its instability. 

' Witt, Journ. Chem. Indiat. 1882. 

■ Nietzki, Birr. Deiifxh. Chen. Go. xrL IBS. 

* Biudiirhfldlei, ibid. ivi. 870. 
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r On heating pheDosafranine lo 170° with strong hydrochloric 

I acid, ammonia is eliminated and a snbatance is formed which 
resembles anihae black very closely fNietzki). 

1093 l>imdhplpken!/le7ie-ifreen,CjgHjg^s. When an aqueous 
solution of ei]nal molecules of dimethylaniline and dimethyl- 
pa radium id obenzene, containing zinc chloride, is healed to about 
30° and treated with sufficient potassium dichromate to liberate 

I two atoms of oxygen, splendid crystals of (CjflHjoN3Cl)jZnClj 
separate out after a few minutes ; these have a cupreous lustre, 

I and are insoluble in alcohol but readily form a groen solution 
iu water. The solution dyes silk a yellowish green but the 
colour is not very fast.' Alkalis change the colour into blue, 

I and acids into dirty violet ; the acid solution is decolourized on 

i heating, quinone being formed. 
The iodide, CigHj^N^I, crystallizing in splendid green needles, 
is obtained by the action of potassium iodide on the zinc 
double salt.' 
If mercuric chloride be used instead of zinc chloride in the 
preparation of the green, the compound (C,aHjoN3CI)gHgCl„ 
which also crystallizes well, is formed. On decom|K)sing this 
with sulphuretted hydrogen and making the solution alkaline, 
Intco/iimclhylphenylene-ffTrrn, C,jHj,Nj, is obtainetl and may 
be extracted with ether ; it crystallizes from petroleum spirit in 
largo, yellow, quadratic plates, melting at 119° (Bindschedler). 
This is undoubtedly tetrametliyldiamidodiphenylamine, for on 
oxidizing an ice-cold mixture of p-iradiamidobenzene and 
aniline, a blue solution is obtained which contains a compound 
C|,H„Nj, corresponding to the green; this is so extremely 
unstable that tt cannot be isolated. On treating lis solution 
with zinc-dust and hydrochloric acid, parafliamidodiphenylamine 
(p. 244). C,jHjjNj, is formed and ia reconverted into the blue 
compound on oxidation, just as the leuco-com pound of tlw green 
is changed into dimethylene -green. 

The formation of the blue compounrl may bo simi>ly explained 
by the following equation ; 

,NH.CjH,.NH„ .N.C„H,.NH, 

C,H.< + = C.H.( I + H„0. 
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Mctliyleue-greeD is an ammomuni compound, aod ia probably 
formed from the hydrochloride of the leucobase as foUowB: 



C,H,; 



.NH.C,H,.N(OH,), 
N(CHJ,HC1 



+ O = C,H,i 



,N.C,H..N(CHJ, 



\l^ 



.(CHJ,C1 



+H,t»-- 



Its formation from dimethylaniline and dimethylpnraillnmiilo- 
benzene can also be readily underetoo<l. 

TetTaiMlhylphenosti/raniihe. C|3Hj,N,(CH,)^. is obtained -wliei« ^ 
a boiling solution of equal muiecules of the zinc double salt t 
tlie green and of aniline acbtatc is oxidized with putossiutix 
dichromak'. Its hydrochloride is reniarkably soluble in waters*-* -»"■' 
and alcohol. The nitrate, CjjHjjN,.HNOj -f-HjO, separates frotnr*o'-^'r 
solution in brownbh violet, prismatic masses which are aggrpga-^c^^^' 
tions of smaller crystals of varying length, and therefore Jiavw^"-*^^* 
rough surfaces. The salt loses its watur at 130° (Bindachedler).- C*— ''^ 

a-Diethylph*7wmfranine, C,j^(N,(CjHj)j, is prejMireil fptn «"»«:*"''" 
the aayrametric dicthylparodiamidobenzeue and nnilino; iti^i " 
hydrochloride crystallizes in fine needles with agrwn reflwdoii*^* *■*-■'"' 
Its aoliition, acidified with hydrochloric acid, is colonrtKl hlun hjC,*' '^ 
the addition of sodium nitrite. The diazo-compounil which iai ^ ■* 
funned gives a platinichloride, CigHi,N;,(CgHs)^tCl^, crystaUizii#4*»*'« 
in abuost black needles, 

^•Diethylphenosafranint is obtained by oxidizing eqoal mole — ■^»*''^ 
cuk's of paradiamidobenzcne, aniline, and diethylaniliue ; it^*^ * 
hyilrochloride is much more soluble than that of the a-com — «»*^'' 
pound. Its diazo-platinichloride forms crystals having a cujiiicoiis^ « * 'is 
lustre. 

When either of these isomeric compounds is baated with i 
acetic anhydride, only one atom of hydrogen is rephu^ by ' 
acetyl. Tlie compounds thus obtained crystallize in nc^edltrs 
having a brown reflection, and have only a slight dyeing power, 
while the two diethylphenosafranines dye filk a magimta-nKJ 
(Nietzki). 

Tetra-etkt/lphrnosa/ranine, C^^B.^„ti,(Cfl^^, is formed wlien a 
mixture of diethylparadiamidobonzene, diethy Ian i line, and ani- 
line is oxidized. A purer product may be obtained by cwnvi-rting 
the two tliethyl bases into the compoimtis corresponding to 
Bindschedler's green, and heating these in aqueous solution 
with aniline hydrochloride and )>utassium dichromatiB. The 
hydrochloride is very readily soluble in water, and forms a xsao 



■s^ 
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double salt crystallizing in small lustrous, golden plates. The 
colouring matter dyes silk and wool violet, producing a beautiful 
fluorescence in the former ; it is, however, very fugitive. 

Tetra-ethylphenosafranine is not attacked either by nitrous 
acid or acetic anhydride (Nietzki). 

Constitution of the Safranines. These compounds are formed 
from one molecule of a paradiamine and two molecules of a 
monamine by the elimination of eight atoms of hydrogen. Two 
of these are derived from one amido-group of the diamine, and 
an equal number from that of the aniline or other monamine. This 
follows from the facts that phenosafranine undoubtedly contains 
two amido-groups, and that di- and tetra-ethylphenosafranine 
can be prepared. The four remaining atoms of hydrogen must 
therefore be removed from the aromatic nuclei. The stability of 
the safranines and their derivatives renders it probable that two 
of the aromatic nuclei are directly united, while the third is con- 
nected with one of the others by a nitrogen atom, as is shown 
by the formation of phenosafranine from paradiamidodiphenyl- 
amine, and of tetramethylphenosafranine from Bindschedler s 
green. It must also be borne in mind that the safranines 
behave as ammonium compounds and, therefore, contain penta- 
valent nitrogen. 

The following formula for phenosafranine is consistent with 
all these facts, and at the same time explains why four atoms of 
hydrogen are required for its reduction to a leuco-compound : 

ClN<f + 4H = HN< ^- HCL 

\CeH3.NH, \CeH3NH, 



C^H^.. 



This formula also explains the existence of two isomeric 
diethylsafranines, each containing an amido-group. 

The composition of pseudomauveine corresponds to that of a 
phenylphenosafranine. Since, however, its salts are decomposed 
l>y alkalis, it cannot belong to this class, and is therefore, an 
^mido- or imido-base. 

iog4 The Indophenols, These blue colouring matters were 
<iiscovered by Kochlin and Witt. They are formed when equal 
i^olecules of a paradiamine and a phenol are oxidized in a 
ixeutral or slightly alkaline solution, or when the alkaline solu- 
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tion of a phenol is heated with a tertiary nitrosamine.^ They 
are converted by reduction into colourless compounds which 
unite with acids to form salts. In the presence of alkalis, how- 
ever, they are rapidly reoxidized, the original colouring matters 
being formed. 

Fhenol'hliie, Ci^Hj^NgO, occurs in commerce as a paste, and is 
prepared by oxidizing a mixture of phenol and dimethylpara- 
diamidobenzene : 

CeH^.OH + NH2.CeH,.N(CH3)2 + 20 ^CeH^OiN.C^H^NCCHs), 

+ 2H2O. 

It is also obtained from phenol and nitrosodimethylaniline : 
CeH5.0H+NO.CeH,.N(CH3)2=CeH,0:N.CeH^.N(CH3), + H,0. 

On heating dimethylphenylene-green with caustic soda, di- 
methylamine is formed together with a colouring matter, which 
is probably phenol-blue.* 

Trichlorophenol-hluc, C^^HuCljNjO. Smith and Andresen 
obtained this compound, which they term trichloroquinonedi- 
raethylanilenimide, by the action of trichloroquinonoxime chloride 
on dimethylaniline. It crystallizes in needles, which are very 
elastic and tough, give an azure-blue streak, and appear golden- 
green by reflected light when the beam of light falls in one 
plane with the longer axis, but deep-red when it is perpendicular 
to this axis. It is almost insoluble in water, slightly soluble in 
cold, more readily in hot alcohol, and readily in ether and benzene, 
forming deep greenish-blue solutions, which produce fast colours 
on animal fibres. 

Reducing agents convert it into t7icMm'odimethylanilcnaniid4>- 
^phenol, Ci^HjgCljNgOH, crystallizing in colourless needles, 
which become deep blue and fuse at 138° — 139°. It forms 
stable salts with acids, and, as a phenol, also combines with 
bases ; the compounds thus formed, however, cannot be isolated, 
as they are reoxidized with great rapidity on exposure to air.' 

The constitution of these compounds may be deduced both 
from their fonnation and their decomposition. Phenol-blue is 
decomposed by heating with hydrocldoric acid into quinone and 

^ Joum, Ch^m. Indust. 1882, 255. 

' Mohlau, Bcr. Deutsch, Chcin, Ges. xvi, 2855. 

• Joum, PrakU Chcm. [2], xxiv. 434. 
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Ix^methylparadiamidobenzene ; its constitution is therefore ex- 
pcK-^ssed by one of the following formuLe (p. 169j : 

/CBlzhCHv 

co< >c = n.c«h,.n:ch^^ 

\CH=CH/ 

c< >c 

|VCH— CH<^( 
O I N.CeH,.N(CHJ^ 

By combination with hydrogen, the leuco-oompound, 
LC«H,.NH.C«H,.N(CH3)j, is'formed. 

Gallocyanine and naphthol-blue, which is usually called " indo- 
'j)henol/' are more important compounds of this class and will 
T)e subsequently described. 

IHbromoquinoiupJienoHmidc, CJEl^rfi : N.C^H^.OH, is formed 
T)y the. action of dibromoquinonoxime chloride on a solution of 
phenol in caustic soda, or when dibromoparamidophenol and 
phenol are oxidized in alkaline solution. The sodium salt 
is first obtained in golden-green crystals, which form a blue 
solution in water. On treating this with acetic acid, the phenol- 
imide is obtained, crystaUiziug in dark-red prisms with a metallic 
lustre, which dissolve in water with a magenta-red colour. 
Hydrochloric acid decomposes it into quinone and paramidodi- 
bromophenol, while sulphurous acid reduces it to the leuco- 
compound, HO.CoH2Br2.NH.CeH^.OH. 

Mohlau considers dibromoquinonephenolimide as an indo- 
phenol, and proposes to name the colouring-matters previously 
mentioned indoanils} 



SULPHURETTED COLOURING MATTERS 
DERIVED FROM AMIDO-BASES. 

1095 These compounds were discovered by Lauth, who found 
that when the aromatic diamines are heated with sulphur, com- 
bination takes place and bases are formed which yield splendid 
violet colouring matters on oxidation ; he also obtained them in 
a more simple manner by dissolving the hydrochloride of the 

^ Ber. DeutscK Chem, Oes, xyi, 2843. 
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diamine in & large amount of sulphuretted hydrogien wal*^ aik! 
then adding ferric chloride.^ 

The colouring matter obtained from paradiamidobenzeHO lias 
been carefully investigated by Koch,' and subsequently by 
BemtliBen," The latter found that it is also obtained when 
paradiamidnrtiphenylamine is heated with sulphur and the pro- 
duct treated with ferric chloride, as well as by first reducing thu 
product obtained from paranitrauiline and then oxidizing witU 
ferric chloride. Finally, he prepared it from thiodipheiiylai 

laiUk's VioUt or Thvmim* kydrochUmcU, Ci^eN,S£Cl, in 
only shghtly soluble in cold, somewhat more readily in hoi 
water, with au intense violet colour, which appears violet-rwl 
by transmitted, and vioIet-blue by reflected light. It cryatAllizes 
from n. very shghtly acid solution in thin prisms or small needle* 
with a beetle-green lustre. It is almost completely preoijritatt-d 
from its aqueous solution by concentrated hydrochloric nc'iA. but 
on the addition of an excess of the acid it redissolves with a fine 
dark-blue colour. Both the tree base and its salts dissolve in 
concentrated sulphuric acid with a fine green colour, which is 
first turned blue and then violet by the atldition of watt-r, jost 
as in the case of the safranines. Like most of the other colouring 
matters of this group, Lauth's violet forma a compound with 
filter-paper ; on allowing a drop of the solution to fall on a piece 
of paper, a tolerably well-defined yiolet stain is produced, round 
which the jmper becomes moist, but is not coloured. 

Tkionint, CuHgNgS, is obtained by tlie precipitation of its; 
salts with ammonia or caustic soda, as a black crystalline powder,^ 
or, from a hot sohition, in small needles with a feeble green 
surface lustre. It is only slightly soluble even in hot water, and 
somewhat more readily in alcohol ; its solution is a redder shad 
of violet than the solutions of its salts, and shows a fino brownish 
red fluorescence. 

ZeucotkioniTie, or Lauth's IVhUe, C,jH,,Nj,S, is obttiint'd by 
treating a boiling alcoholic solution of the violet with a mixture 
of ammonia and ammonium sulphide until it has become light 
yellow, and then diluting with au equal volume of water. The 
base separates out on cooling in small, colourless or sliglitly 
yellow plates, which are re-oxidized in the air witli great rapicKty, 




' B'T. IknhtK Chtm. Ga. ix. 10^0. 
* Ann. Chtm. Fharm. tvxtx. 73 and 108. 
< Kram ttlat, aulphnr, ami rt Tsv, Uie violet, t 
■ulphBR 
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and on drying in an atmosphere of carbon dioxitie become 
superficially coloured dark-yreen or black-bliie. 

The compound is much mom stable in the dry state or in acid 
8olutiou than in a moiat condition; its solution is coloured a 
splendid violet by ferric chloride. 

The two other isomeric diamidobenzenes do not j-ield ana- 
logous colouring matters (Koch), while, on the other band, 
Bimilar compounds may be obtained from methylparadiamido- 
benzene and dichloroparadiamidobcuzene.^ 

Similarly, the diamidobenzene obtained from nitracet-toluide 
yields a reddish violet, while paradiamidotoluene yields a violet-red 
(Lauth). 

Lauth's colouring matters have received no practical applica- 
tion, since equally fine violets can be more cheaply prepared. 
Methylene-hlue, on the other band, which was discovered by 
Caro,* and belongs to this group, soon came into general use. 

In order to pre|)are it, a solution of dimethylaniline in bydro- 
chlofic acid is treated with nitrous acid or sodium nitrite, and 
then with sulphuretted hydrogen, the nitrosodimethylauiline first 
formed being thus converted into dimethylparadiamidobenzene. 
The treatment with sulphuretted hydrogen is continued until 
the solution bos lost its yellow colour and is covered with a blue 
scum, at which stage ferric chloride or potassium dichromate is 
added until the smell of sulphuretted hydrogen has disappeared. 
The liquid is then saturated with common salt and treated with 
rinc chloride to precipitate the colouring matter, which is 
filtered off, redissolved in water, and reprecipitated by common 
salt and zinc chloride ; the residue is then filtered off, pressed, 
and dried. 

Methylene-blue may also be prepared bv heating helianthine, 
C.H,(SO,NHJN,C«H..NHa, with ammonium sulphide to i05°— 
110° and oxidizing tlie product with ferric chloride. It is 
also formed when tetramethyldiamidodiphenylamine, obtained 
by tJie reduction of BindschetUer's-green, is treated with sul- 
phuretted hydrogen and ferric chloride.* 

Methylene-blue produces a fine, fast blue on cotton mordanted 
with tannate of antimony ; it dyes wool and silk directly, but 
doea not give a fast shade. It is also employed fgr dyeing 
leather and jute, the latter of which readily takes up the colour. 
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Koch was the first to investigate this compound, but he 
obtained an incorrect formula for it ; ' this has been accurately 
determined by Bemthaen, who has also pointed out the coostitu- 
tion of these sulphur-containing colouring matters (p. 33G}.' 

+ 3HjO. When the precipitate obtained by common salt 
and zinc chloride is dissolved in water and the solution evapor- 
ated, a mixture of the chloride and its zinc double-salt is obtained 
in crystals having a cupreous lustre. After repeated crystalliza- 
tions from hot, dilute hydrochloric acid, these consist of the 
pure chloride, crystallizing in small tablets, the surface planea 
of which liave a copper- or bronze -lustre, while that of the 
planes of fracture is beetle-green. It yields a lustrous, bronze- 
coloured, powder, which loses all its water and becomes coloured 
dark indigo-btue at 150°. It dissolves in cold water, forming a 
splendid blue solution, which appears greenish-blue in thin, and 
bbiish violet in thick layers. When a drop of the solution is 
placed on filter-paper it behaves in a similar manner to Lauth'a 
violet ; the colour is not altered by dilute acids or alkalis. 

Methylene-blue dissolves in concentrated sulphuric acid with 
a dark-green colour, which is changed to blue by the addition 
of water. 

Potassium iodido precipitates the iodide, C)gH,gN,SI quanti- 
tatively from an aqueous solution of the chloride or the commercial 
product ; it crystallizes from hot water containing a little hy<lr- 
iodic acid in needles having a dark bronze lustre. Potassium 
dichromate precipitates the colouring niatter completely as the 
purple-violet chromate. 

Tetramethyltkionine hydroxide, CigH^NjS.OH. is most readily 
obtained by treating a solution of the chloride or iodide with 
freshly -precipitated silver oxide. On evaporating in vacuo, the 
base is left as a dark, amorphous mass, which takes a green 
metallic lustre when rubbed, dissolves in water forming a syrup, 
and is readily soluble in alcohol. It precipitates metallic salts, 
r-.g. ferric chloride, the hydroxide of the metal being formed, 
and is very unstable, especially in solution. Its decorapositioa 
products will be subsequently described. 

Metkylejic-^ohUe, or Telramethyl-leuaitltionin^, Cjj^HigNjS, ts 

best obtained by reduction of the blue with an alkaline solution 

of sodium hyposulphite. It crystallizes from ether in fiat needles 

having ft satin lustre and a penetrating smell resembling that of 

' Jnn. Chem. Fharm. xii. £92, ■ IbUL ccxxx. 137. 
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ihe lobster, and from alcohol in long, yellow, lustrous needles, 
readily soluble in water. It rapidly rooxidizes even when quite 
diy, tbe change being effected in solution as rapidly aa in the 
ease of indigo- wliite, methy!ene*blue and decomposition products 
of tliis being formed. It is more stable in acid solution. Its 
zinc (iouble-salt, 2CigHjjN3SCl + ZnCl^, forma prisms readily 
soluble in water. 

In the preparation of methlyene-blue, a red colouring matter, 
vrhich is not precipitated by zinc chloride, is also formed, and 
"will be described later on. 

The formation of methylene-blue is employed aa the most 
<3ertam and delicate reaction for the detection of sulphuretted 
liydrogen in neutral or acid solution.' 

In testing for a trace of the gas in an aqueous solution, 2 por 
«:ent. by volume of fuming hydrochloric is added ; a few grains 
of dimethylparadiamitlobenzene sulphate are then dissolved in 
"•he liquid, and one or two drops of ferric chloride added. The 
^addition of a large quantity of acid is necessary to prevent the 
formation of the red colouring matter. 

In a litre of water containing 000000 grms. of sulphuretted 
liydrogen, the colouration became visible after a few minutes, and 
^fter half an hour the liquid was coloured a pure blue. This 
^iolntion, before the addition of the acid, only gave a faint brown 
«x)louration with lead acetate, and in the presence of acid remained 
'perfectly colourless. 

A litre of water containing only 0'0000182 grms. of sulphur- 
«tted hydrogen after standing for half an hour showed a distinct 
colouration when the vessel containing it was placed on white 
japer and tlie solution examined from above. The puro blue 
colour remained, as in tlie preceding case, for several days, while 
the presence of sulphuretted hydrogen in tbe sohition could not 
be detected by means of lead acetate or Eo<)ium nitropnisside. 

Methylene-blue has also been applied in physiological re- 
searches.* " It is an important bactcrioscopic reagent. According 
to Ehrlich, Koch, and others, it surpasses the greater number of 
colouring matters which have been employed, especially for dry 
preparations. The baccilli of tuberculosis, of glanders, and of 
cholera, were first discovered by the aid of methylene-blue." 

" It is especially adapted to serve as a measure of the reducing 
power of tbe organism. Dreser and Ehrlich simultaneously 
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found that methylene-blue is reduced to methylene-white in the 
parenchyma of the body, thus affording a new proof of the 
powerful reducing action of the parenchyma of certain portions 
of the body, e.^. the kidneys." 

" Ehrlich has found that in the higher animals the peripheral 
extremities of the sensitive nerve fibres are deeply coloured by 
injections of methylene-blue, and that it is thus possible to in- 
vestigate the finest ramifications of the nervous system even in 
the living animal." 

1097 Constitution of the Sulphuretted Colouring Matters. 
Bemthsen has found that thiodiphenylamine is the mother- 
substance of these compounds. Fuming nitric acid converts it 
into two isomeric dinitrodiphenylaminesulphoxides, which yield 
the corresponding diamidothiodiphenylamines, S(CgH3.NH2)2NH, 
on reduction ; one of these, the a-compound, is identical with leu- 
cothionine, and is, therefore, oxidized by ferric chloride to thionine 
or Lauth's violet. Methylene-white is tetramethyl-thionine : 

Leucothionine . Tetramethyl-leacothionine. 

\NH, ^N(CH,),. 

On heating with methyl iodide and methyl alcohol, both com- 
pounds are converted into heptamethylthiodiphenylammonium 

S< >NCH3 

This crystallizes from hot water in white or yellow tablets 
having a pearly lustre, or in needles, and yields the corresponding 
strongly alkaline hydroxide on treatment with moist silver oxide, 
the solution of which dries to an amorphous mass. These results, 
taken in connection with the formation of methylene-blue from 
Bindschedler's green, lead to the following formulae for the 
colouring matters: 

Lauth*8 Violet. Methylene-bhi*». 

/NH, /N(CH,), 

S< >N SC >N 

\C,H3( I ^CeH,/ I 

\NHjC1. \N(CH,)P. 



Lauth'a violet is therefore the hydrochloride of a-amimido- 
thiodiphenylimide, while methylene-blue is an ammonium 
chloride, a view whicli is supported by the properties of the 
conipounds in question. 

The conversion of methylene- white into methylene-blue ia 
effected by the addition of hydrochloric acid to the former, 
accompanied by the elimination of two atoms of hydrogen. 
The idea that in the formation of the colouring matter a hydro- 
gen atom of one of the methyl groups is removed, together with 
that of the imido-group, might be suggested by the choice of 
the name methylene-blue, but this name is not intended to 
represent the constitution of the compound any more than in 
the case of Bindschedler's green and other colouring matters. 

It may be remarkefl, as already mentioned, that raethyldi- 
amidothiodiphenylamine also yields a colouring matter on oxida- 
tion (p. 263), which is precipitated by zinc chloride and common 
salt in needles wldch have a bronze-lustre, and, immediately 
after their preparation, dissolve in water with a bluish green 
colour. This compound is, however, very unstable, and decom- 
poses very rapidly, thus showing that it does not correspond to 
Lauth's violet, and that the formation of the coloured compound 
proceeds very differently when the hydrogen of the imido-group 
is replaced by methyL 

lo^ Mdhylent-red, C,aH,g\jS,(HCl)j, is formed, as ah-eady 
mentioned, in the preparation of the blue, and remains in the 
mother-liquor after the precipitation of the latter by salt. Its 
presence in the original solution can be shown by allowing a 
drop to fall on filter-paper, a well-defined blue spot being formed, 
surrounded by a rose-red zone. It crystallizes from alcohol in 
small, green, glittering prisms ; its solution has a splendid fiery 
purple colour. Potassium iodide produces a precipitate of the 
hydriodide, crystalUzing from a large quantity of water in 
thick needles or prisms. 

Boiling hydrochloric acid has no action iipon methylcne-red ; 
the alkalis, however, their carbonates and even sodium acetate 
or phosphate, decolourize the red solution, the colour not being 
restored by acids ; oxidizing agents, on the other hand, produce 
a blue colouration, especially after previous reduction. 

Reducing agents also decolourize the solution, sulphuretted 
hydrogen being evolved; commercially the acid solution is 
first treated with zinc-dust and then with ferric chloride, an 



additional quantity of the blue being thus formed ; this, how- 
ever, probably differs from methylene-bhie (Bemthsen), , 

In addition to these colouring matters, Bemthsen has prepared 
the following closely- related compounds : 

Isotkioninf, or ^'amimidnthiudiphcnylimvh, Cj^H^N^S, is ob- 
tained from the yS-dinitrosulphoside, and differs from thionlne in 
being a diacid base. 

Its hydrochloride ia readily soluble, and crystallizes in small 
dark needles ; the violet-red solution dyes silk a fine amethyst 
with a shade of grey. The colour of the solution ia not 
changed by concentrated hydrochloric acid, and the salt forms a 
violet solution in strong sulphuric acid, which is scarcely changed 
by the addition of water. It behaves towards filter-paper like 
thionine and methylene- blue. 

The free base forms a dark greyiah brown, glistening, crystalline 
powder, which is only slightly soluble in water, but dissolves 
readily in alcohol with a riolet-red colour. On reduction it ia 
converted into the louco-base, or /3-diamidothiodiphcnylamine, 
which has not been investigated. The constitution of these 
compounds ia probably expressed by the following formuIiE : ' 



LouM-isotliiatuiie, 

NH,— 0,H,— NH, 



IsotliioDine. 



> 



NH,— C,H,— NH. 



ImidoCkmlipjKnylimvle, CjjHgNgS. is formcti, as already men- 
tioned, by tbe oxidation of amidothiodiphenylamine (p. 262) - 






Nnh 



QH,— NH 



It crystallizes from hot alcohol on cooling, or on t.lio addition 
of water, in small, reddish brown needles, or separates ont as a 
crystaUine, brick-red powder, which assumes a greenish motallic 
lustre when rubbed. Its hydrochloride readily dissolves in 
water with a violet-red colour, and combines with zinc chloride 
to form the double salt, (C,3HgN,S.HCl)/uCl,, crj-stalHzing in 
long, dark violet needles. Its solution, like that of the hydm- 
' .,<n», Chem. Fharm. ccxii. 166. * Ibid, ccixi. 1S6. 



(Aloride, dyes silk an almost neutral shade of greylsli violet. 
Tbe hydroi^hloride dissolves in concentrated sulphuric or hydro- 
chloric acid, forming a dark grey solution, which becomes violet- 
red on the addition of water. Ita solution does not give a 
well-defined spot on filter-paper, like that produced by Lauth'a 
violet or methylene-blue, but difiiises uniformly.' 

Oiythiodiphaiylimide, CjjHjNSO. When parahydroxydi- 
phenylamine is melted with sulphur at the lowest possible 
temperature, hydrosythiodiphenylttniine,C,iHgNSOH, is formed ; 
this is precipitated by water from an alcoholic solution containing 
stannous chloride in greenish white Hocks, and oxidizes very 
leadilj, oxytModiphenylimide being formed : 



S; 



•C«H.^ 



C.H, 



■OH 



4- -. 



.CjHj, 



■\N 



+ H,0. 



C,H,— O 



f 

This substance is beat prepared by decomposing the alcoholic 
I solution with water until it has becomo turbid, adding a few 
I drops of hydrochloric acid, and then treating with ferric 
i chloride ; an amorphous, chocolate -brown precipitate of the 
I compound is thus obtained, which is insoluble iu water, slightly 
' soluble in glacial acetic acid, and somewhat more readily in 
alcohol, benzene, and toluene, crystallizing from the latier in 
indistinct needles. It readily dissolves in aniline and is pre- 
cipitated on the afldition of ether ; it forms a blue-black solution 
in concentrated sulphuric acid, from which it is precipitated by 
water. 

Reducing agents rpconvert it into hydroxythiodiphenylamine, 
which as a phenol dissolves in alkalis. The colourless solution 
may be used for dyeing, materials dipped in it becoming colotired 
re<ldish brown on exposure to air. Oxythiodiphenylimide dyes 
ailk rose with a shade of violet.* 

1099 XHoxiftJii4>diphenylimide, or T/iionol, C,jH,NSOj, is formed, 
together with other products, when thiodiphenylamine is heated 
fiir a long time to 150* — 160° with concentrated sulphuric acid, 
i-tifth of ita weight of water has been added : 

LHgNS -I- aHjSO, = C„HjNSO, + 380, + 4H,0. 



* Ann, Chfm, Fhorm. c 
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It ia also readily fonned when thionine is heated with sul- 
phuric acid containing 70 — 75 per cent, of sulphur trioxide : 



C,H,— NH 



C,H,— OH 
C,H,— O 



s/ 



Thionol is a brown powder which takes a green metallic lustre 
when rubbed ; it is only slightly soluble even in boiling wat«r, 
but dissolves in alcohol with a purple colour and in glacial acetic 
acid with a yellow to blood-red colour ; from the last of these 
it crj'stalUzes in fomis resembUng oak leaves. It dissolves in 
concentrated sulphuric acid forming a splendid blue solution, 
which becomes violet and then reddish brown on the addition 
of water. 

Under certain conditions, which are not accurately known, 
the sulphate, (C^HjNSOJjSOjHj, crj'stallizes from 40 per cent. 
sulphuric acid in fine, green needles. 

Thionol forms a violet solution in concentrated hydrochloric 
acid, and the hydrochloride crystallizes from the dilute solutioa 
in splendid green needles which readily lose acid. 

Thionol also dissolves in the alkahs, or their carbonates and 
in hot sodium acetate solution, forming splendid violet solutions. 
The potassium salt is partially precipitated by an excess of caustic 
potash as a tenacious mass. Wheu thionol is boiled with baiyta 
and a large quantity of water, and the solution evaporated, the 
barium salt, CjjHjNSO^Ea, is obtained in crusts consisting of 
small, green, lustrous plates. From a solution of this, silver nitrate 
precipitates the brown amorphous silver salt, CjjH,NSOjAgj. 
In the formation of salts, therefore, thionol takes up a molecule 
of water and the metal replaces two atoms of hydrogen. 

A solution of thionol in an alkahne carbonat* dyea silk and 
mordanted cotton violet ; the colour acquires a reddish shade in 
the air. 

D'Uiydroxt/lhutdipkent/lnmine, C,,HjS(NH).(OHj), is the leuco- 
compound of thionol and is best obtained by reducing an 
ammoniacal solution of thionol with zinc-dust in absence of air. 
It forms small needles, slightly soluble in water, more readily 
in alcohol and ether. It is tolerably stable in acid solution, but 
rapidly reoxidizes in the presence of alkalis. 

Triacetyl-kucoaionol, Ci,H(^(NC,H,Oj(OCjH,0)j. is formed 
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on heating the above with acetic anhydride, and separates from 
hot alcohol in emiiU, tough, yellowish crystals, which are stable 
in the air and melt at 155° — 156°. 

The constitution of thionol has already been given ; that 
of the hypothetical hydrate corre8pou<liug to its Balls, and of 
Mtbionol, are expressed by the foUowiny fonnul* ; ^ 
Thionol hvdnUt. Leucothionol. 

CoHj-OU C'aHs-OH 

s/ ^N.OH S^ '^NH 

CgH,— OH CoHj^OH. 

Tliionoline, C,.HgNjSO. This compound, whicli lies 
itween thionine and thionol both in it3 compoaition anil pro- 
perties, was discovered by Bemthscn, who Baturatod a solution 
of paramidophenol in hydrochloric acid with sulphuretted hy- 
drogen and then added ferric chloride. It crystallizes from hot 
&lcuhol ill small, narrow platea or flat needles, which transmit 
yellowish brown liyht, have an intense green metallic lustre 
and are only slightly soluble in cold alcohoL The solution is 
purple-red and has a splendid brownish red fluorescence. It 
dissolves in hot dilute hydrochloric acid forming a purple-violet 
Solution, from which the hydrochloride separates out on cooling 
in fine black needles ; thionoline hydriodide and chromate also 
Crystallize in fine needles, almost insoluble in water. 

Thionoline is also formed when thionine is boiled with water 
for a hing time : 

NC,jHbS(NH^NH + HjO = NC,jHoS(NHJO + NH^. 
It dissolves in concentrated sulphuric acid, forming a splendid 
blue sohitioa, which is decomposed on heating, thionol being 
formed: 

NC„H,OS.NH, + H,0 = NC„HaOS.OH + NH,. 
Jjiucothionoline, C,gHji,NjSO, ia obtained by the reduction of 
tliionoline and is a veiy unstable compound. As it is both a 
l>ase and a phenol, it dissolves in acids as well as in alkalia ; 
■xiateriala dipped iu the alkaline solution become coloured on 
^^poEure to the air. 

Tbinnoluie, LeucntliiDiiaUne. 

C,I^— NH, C,H,— NH, 

C.H,— 0. C,H,-OH. 
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DifHCthylfhionoline, or Mcihylene-vioht, CnH^^NjSO. A soln- 
tion of methylene-blue to which an excess of au alkali haa been 
added, changes slowly in the cold, more rapidly on boiling, 
dime thy lamine, methylene- white, mettylene-azure, and methy- 
lene-violet being formed. The last of these is most readily 
obtained by boiling a solution of methylene-blue, or its iodide, 
with silver oxide : 






CaHj— O 



N(CH3),H. 



< >^ 

C(Hg— N(CH,)jOH 

It crystallizes in small plates which dissolve slightly in hot 
water with a blue colour, more readily in alcohol with a colour 
approaching violet, and in chloroform and ether with a red 
colour. All its solutions, with the exception of that in aniUue, 
which is violet-red, show a splendid brownish red fluorescence. 
It crystallizes from curaene in tough needles, and forms a violet- 
blue solution iu concentrated sulphuric acid. Its hydrocIJoride, 
CjjHijNjSO.HCI, crystallizes in very thin, black needles having 
a feeble green lustre ; its aqueous solution dyes silk and cotton 
a grey shade of violet. 

LeueodimetkT/Uhionoline, SC,gHu(NH)N CCHj)jOH, is readily 
obtained by wanning the colouring matter with dilute alcohol 
and ammonium sulphide. It crystallizes in needles j materials 
dipped in an alkaline solution become coloured on exposure to 
the air, while it is so stable in acid solution that its hydrochloride 
can be obtained in crystals,' 

J^ctkyleiut-azure, remains, together with some methylene- violet, 
in the mother-liquor obtained in the preparation of the latter. 
In order to separate them, ttiey are converted by stannous 
chloride in alkaline solution into the leuco-com pounds, that of 
the violet being soluble, wliile that of the azure is insoluble in 
alkalis. The latter is then dissolved iu hydrochloric acid, 
oxidized with ferric chloride, precipitated with common Bait, 
and the chloride thus obtained, which resembles the zinc 
double salt in being very difficult to purify, converted into the 
iodide by precipitation with potassium iodide. 

Mdhykne-azure iodide, CioH,gNjSOJ. crystallizes from hot 
water in fiue needles haviug a green lustre, which take a brassy 
' Ann. Chnn. Phann, ccui. 1S9. 
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lustre on being rubbed. It forms a blue solution in water which 
is more violet than that of methylene-blue ; alkalis precipitate the 
free base which has not yet been obtained pure. The chloride 
is very soluble and crystallizes with difficulty in small needles ; 
its solution dyes silk a splendid blue, which can scarcely be 
distinguished from methylene-blue. It dissolves in concentrated 
sulphuric acid forming a green solution which is changed to 
"blue by the addition of water. 

Methylene-azure is clearly an oxidation product of methylene- 
l>lue, since it is formed by the action of silver oxide; it is 
jprobably the corresponding sulphone : 

CeH3-N(CH,), 

so/ \n 

C,H,-N(CH,),I. 



PHOSPHORUS DERIVATIVES OF BENZENE. 

200 1 Phoephenyl chloride, CgHjPClj, is formed when the 
'xrapours of phosphorus trichloride and benzene are repeatedly 
;2)a8sed through a red-hot porcelain tube : ' 

C,H« + PCI, = CeH,.PCl, + HCL 

3t is also obtained by boiling 5 parts of aluminium chloride, 30 
;2)arts of phosphorus trichloride, and 50 parts of benzene for 
S6 hours in an apparatus connected with an inverted condensef. 
-According to this method, which is more especially adapted for 
^he preparation of small quantities, 35 grammes of the pure 
^x>mpound may be obtained from 500 grammes of benzene, 
"vrhile according to the first method, with the necessary appa- 
:x:atus at least 500 grammes can be obtained in the same 
'^ime.* 

It is also formed when mercury phenyl, (CgH3)oHg, is heated 
^dth phosphorus trichloride to 180"* (Michaelis) : 

Hg(C,H,), + PCI, = H3(C«H^C1 + C^H^PCl,. 

* Michaelis, Lichi^a Ann, clxxxi. 280 ; where the apparatus for the preparation 
of large quantities U described in detail. 
- Ber. DcutKh. Chcm. Ges, xii. 1009. 

228 
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It is a strongly refractive liquid, which fumes in the air, has a 
very penetrating smell, and boils at 224®'6 (Thorpe). It is 
decomposed by water with formation of phosphenylous acid. 

Phoquhenyl tetrachloride, C^HgPCl^, is readily formed by the 
combination of dry chlorine ¥dth the preceding compound, and 
crystallizes in white prisms, probably belonging to the mono- 
clinic system. They melt at 73® and partially sublime when 
more strongly heated, another portion being decomposed into 
chlorine and phosphenyl chloride. On heating to 180* in a 
sealed tube, it decomposes into chlorobenzene and phosphorus 
trichloride. With water it first forms phosphenyl oxychloride, 
which is converted by the further addition of water into 
phosphenylic acid. 

Phosphenyl oxychloride, C^HgPOClj, is also obtained by passing 
air or oxygen into heated phosphenyl chloride ; this must be per- 
fectly pure, or, especially when pure oxygen is employed, veiy 
violent explosions may occur. It is also formed, together with j 
acetyl chloride, by the action of phosphenyl tetrachloride on - 
acetic acid; it is however best prepared by passing sulphur ^ 
dioxide into the tetrachloride : 

CeH.PCl, + SOg = CeH^POCl, + SOCl^ 

The thionyl chloride, boiling at 80°, can readily be separated4^ 
from the oxychloride, which is a thick liquid having a fniitj^^ ^ 
smell, and boiling at 258°. ^~ 

It follows from the foregoing decompositions that phosphen; 
tetrachloride behaves similarly to phosphorus pentachloride, ai 
Michaelis considers that it might be advantageously emplo; 
in organic chemistry in place of the latter for the preparation 
chlorides, since, on account of its high boiling point, it can 
more readily separated from these than can phosphorus o:^^3" 
chloride, boiling at 110°. 

Michaelis has also prepared several bromine derivatives- 
phosphenyl. 

Fhos2)?ienyl Ironiidc, CgH^PBrg, may be obtained by heat:i^ ''^° 
mercury phenyl with phosphorus tribromide, or by pass^ ^^ 
dry hydrobromic acid gas into boiling phosphenyl chloride, 
is a liquid boiling at 257°.^ 

2002 Phosplunylous acid, CgHgPOgHj, is obtained by allowE- ^^^^ 
phosphenyl chloride to drop gradually into water ; the solutiorp- ^ 
then heated to boiling and rapidly evaporated in an atmosph^-^''^ 

' Eohlcr and Michaelis, Bcr. DctUseh. Chem, 0cm, ix. 519. 
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of carbon dioxide. The acid is slightly soluble in cold, very readily 
in hot water, and crystallizes in tablets melting at about 70^. 
When more strongly heated, it decomposes into phenylphosphine, 
V^CJS.^^, phosphenylic acid, CgHgPOjHj, and water. 

It is a monobasic acid ; its alkaline salts form deliquescent 
crystals; the barium salt, (C^H5P02H)2Ba + 4H2O, crystallizes in 
fine, oblique, rhombic prisms, and the lead salt, (CgH5P02H)2Pb, 
separates out in scales having a mother-of-pearl lustre, when 
the solution of the sodium salt is treated with lead acetate 
and acetic acid. The salts of the other heavy metals are 
insoluble in water; the ferric salt, (CgH5P02H)3Fe, is a 
characteristic, granular, white precipitate, insoluble in cold 
concentrated sulphuric acid but soluble in the hot acid. On 
cooling it separates out as a tough, white mass, which after 
some time becomes brittle and crystaUine ; when again heated, 
the salt fuses to an oily liquid which gradually dissolves. When 
the dry salt is heated to 180^ it ignites and bums with a 
yellowish flame. 

Diethyl phosphenylite, GQllJ^02(C2!^i)if ^ obtained by the 
action of phosphenyl chloride on sodium ethylate free from 
alcohol; in order to diminish the violence of the reaction a 
quantity of anhydrous ether is added as a diluent. It is a 
mobile liquid, which boils at 235'' and has an overpowering 
smell. It dissolves gradually in water with formation of ethyl 
phosphenylous acid, GQllfi^^Gfi^li, which is left on the 
evaporation of the solution as a thick liquid possessing an 
aromatic odour. It is monobasic and is gradually decomposed 
by water into phosphenylous acid and alcohol.^ 

The action of phosphorus pentachloride on the latter acid 
shows that it only contains one hydroxyl (Michaelis) : 

CeH,.PHO(OH) + 2PCI5 = CeH^POClj + POCI3 + PCI3 + 2HCL 

Phosphenyl oxychloride is thus formed, while if the acid 
contained two hydroxyls, as might be expected from its pre- 
paration from phosphenyl chloride, the following reaction would 
take place : 

C,H,P(0H)2 + 2PC1, = CeH^PCl, + 2POCI3 + 2HCL 
Michaelis has further sho¥ni by the action of phosphenyl 

^ Kohler and Michaelis, Ber, DeuUch, Chcm, Gts. z. 816. 
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tetrachloride on phosphorous acid that this only contaiDS two 

liydroxyls : 

PH0(0H)2 + 3CeH,PCl, = POCI3 + 2CeH,P0Cl, + CeH^PCl, 

+ 3HCL 

■ 

If it had the formula P(0H)3, as was generally supposed, the 
following reaction would occur : 

P(0H)3 4- SCeH^PCl, = PCI3 + SCeH^POCl^ + 3HCL 

These two acids, therefore, contain pentavalent phosphorus, 
and have the following constitutions : 

O =1 P^OH O == P^CeH- 

\0H \0H. 

2003 Phosphenylie acid, CgHgPOfOH)^, is best obtained bj 
gradually adding phosphenyl tetrachloride to water, and finally 
wanning the solution in order to decompose all oxychloride. It 
crystallizes in small, oblique, rhombic plates, having a vitreous 
lustre, which melt at 158"* and solidify in a radiating crystalline 
mass. On heating to 200** it is converted into diphosphenylw 
acid, (CeH3PO)20(OH)2. which is changed at 210** into triphos- 
phenylic acid, (CgH5PO)302(OH)2. Both these compounds ^ 
tough, transparent masses, and recombine with water to for^ 
phosphenylie acid. The following formulae explain the consti^^' 
tion of these substances : 

Phosphenylie acid. Diphosphcnylic acid. Tri phosphenylie acid-' 

.OH 
/OH C«H,PO< 

/OH C,H,PO< >0 

C.H..PO< )0 C,HjP0( 

\0H C„H,PO< \0 



'6*^6- 



\0H CH.PO^ 



a-'-'d'- ^\ 



OH 



When phosphenylie acid is rapidly heated to 100°, it decom- 
poses into benzene and metaphosf)horic acid : 

CAPO3H, = C,H, + PO,H. 

If it be fused with caustic potash, benzene is also formed, 
together with orthophosphoric acid. 
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r Phosphenylic acid is a strong dibasic acid and is not precipi- 
tated by barium chloride or silver nitrate ; ammonia produces n. 
^»hite pi-edpitatu, wiiile ammonium muljbdate does not give any 
precipitate. 

Norvutl sodiuvi phosph-nylate, CoHjPO(ONa)j + 12H,0, 
forma long pointed crjstala whicli readily lose water when 
allowed to stand over sulphuric acid. 

Arid aodiumphospkenyl^iie, CgH^POgNaH, crystallizes in prisms 
which contain water of crystallization, but effloresce exceedingly 
rapidly. The normal potassium salt only crystallizes with great 
difficulty and in indistinct forms, while the anhydrous acid salt 
forms microscopic rhombic plates. 

formal calcium phosphcnylate, CgH^POjCa + 2TlXf, is a pre- 
cipitate consisting of small plates having a silky lustre. 

Arid calcium phosphenylate, (C^HjPOJjCaHj, separates from 
solution in acetic acid in small lustrous plates or in lustrous, 
moss 'like aggregates. 

All the other metallic salts of phosphenylic acid are insoluble 
in water. 

Arid ethyl phosplunylate, C,HjP0g(CjH5)H, is obtained by the 
action of phosplienyl tetrachloride on absolute alcohol, and is a 
syrupy liquid which has an acid reaction and is monobasic. 

Normal ethyl pho^hcnylatc, CgHjPO(OCgHB)j, is obtained by 
heating the silver salt with ethyl iodide. It is a thick liijuid 
boiling at 267°, and having a peculiar smell resembling that of 
TDustard oil. Tlie dimethyl ether, which is very similar in its 
properties and boils at 247°, has a perfectly different smell 

Normfd phenyl phosphenylate, C(|HjPO(0CjHj)j, is formed by 
the action of phosplienyl tetrachloride on phenol : 
CgH.PCl^ + 3CoH,OH = CbHsPOCOC^Hj), + CoH.Cl + SHCl 

It is very readily soluble in alcohol and ether, and crystallizes 
from hot, dilute alcohol in very thin, long needles, melting at 
G3°'ii, which are not attacked by hot aqueous caustic soda, 
but are decomposed by alcoholic soda. Its boiling point lies 
above 360°; it is alsfi formed, together with the chloride of 
phosphenylic acid, CgHBPO(OCgHj)Cl, by the action of phos- 
phenyl oxychloride on phenol. The acid obtained by the 
decomposition of the chloride with water, i.e. acid phenyl phos- ^ 
phcnytate, C^K^'PO^OCoR^OlI, is only slightly soluble in water, 
and crystalhzes from aqueous alcohol in hair-like needles melting 
at S7°. It forma salts which crystallize welL 



NUrophmphenylic add, C^'S^i^O^FO^'H^, ia obtained by 
heating phoapbenylic acid with geven parts of fuming nitric 
acid in a sealed tube for five or six lioura to 100°^ — 110°. It 
crystallizea from ether in white, concentrically arranged needier 
which deii'iuesce in the air and form ao intense yellow Bolution 
in water. On evaporation of the st lution it separates out 
white, cauUflower-Uke masses. It melta at 132° and deflagrates 
explosively at 200° ; on heating with soda-Ume it decomposes 
into phosphoric acid and nitrobenzene, which is converted by 
the action of the alkali into aniUne. It is a strong dibasic 
acid, the alkali salts of which do not cr^'stallize ; the normal 
barium salt, CaH^CNOjJPOjEa + 2H,0, ciystalhzea from watw 
in lustrous yellow tablets, and the more soluble acid ealt^ 
(C„H/NOJPOaH),Ba, forms small white plates. 

Amidopkosphfnylic add. CaH,(NHj'iPOjH,. is obtained by the 
action of tin and hydrochloric acid on the preceding compound. 
It crystallizes in fine, white, lustrous needles, slightly soluble in 
water, more readily in hydrochloric acid, no compound being, how- 
ever, formed. At 280° it decomposes without melting, and become; 
coloured bluish-green. On heating with soda-lime it decomposes 
into phosphoric acid and aniUne. Bleaching powder added to its 
solution in hydrochloric acid produces a dark-red colouration, 
which is neither destroyed by boiling nor by standing. The 
solutions of its salts with the metals of the alkalis and alkaline 
earths are coloured red on evaporation, even when exposed in 
vacuo over sulphuric acid. The silver salt, CBH4(NHj)P03Ag^, 
is a yellowish white precipitate. 

The action of sodium amalgam on a solution of nitrophos- 
phenylic acid does not produce azophosphenylic acid, hut sodium 
amidophosphenylate, C,H^(NH5)P0aNaj + SHjO, crystallizing in 
white prisms. 

Dicaophosphfnylic acid nitrate, CaH((N..N03)P0jHj -|- 3HjO, 
is obtained by passing nitrogen trioxide into a boiling solutioa 
of amidophosphenylic acid in nitric acid. It crystallizei 
colourless prisms, which are readily soluble in water and 
alcohol with a yellow colour, melt at 188°, and explode violently 
at a slightly higher temperature. It is a very stable compound,. 
and is not decomposed by long-continued boiling with water. 
Its salts, which are coloured yellow to red, are explosive; those of 
the metals of the alkalis and alkaline earths are soluble in water 
and crystallize ; those of most of the other metals are insoluble,' 
' MiiJinelis and Bonzlager, Zlcbig'g Aan. clxxxviii. S79. 
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first prepared this coniiwuud by passing hydriodio acid into 
phosplieuyl chloride, tbe hydriodide of phoaphenyl iodide, 
CgHjPIj.UI, being obtained as a, dark mass ; on treatment with 
absoIuU; alcuhol and snbsequeut distillation, this yields phenyl- 
phosphine, the formation of which is explained by the following 
equation : 

SCaHB.Pl,.HI 4 DCjEj-OH = C^H^PH, + 2CaH^.P0i,Hg + 

Iiater researches, however, have shown that the reaction is 
not completely represented by this equation, but that the 
following also takes place : 
CbHsPI,.HI + SCjHj.OH = CgHj.PO^Hj + 3CjH,I + H^O. 

The phosphenylous acid is then resolved, as already described, 
into phenyl phosphine and phosphenylic acid, a decomposition 
which is quite analogous to that of hypophosphorus acid into 
phosphine and phosphoric acid. Phenyl phosphine is there- 
fore best prepared by gradually adding crude phosphenyl 
chloride, which has only been submitted to a few distilla- 
tions, to an excess of alcoliol with continual agitation, distilling 
off the greater portion of the alcohol in a stream of carbon 
dioxide, and then further heating the residue over the naked 
flame. 

The distillation of the phenylpbosphiue, accompanied by 
violent frothing, commences at 250° ; the flame can now be 
removed as the distillation proceeds spontaneously, frequently 
with almost explosive outbursts. If it ceases, the fiask muist 
again be warmed until the formation of two non-miscible 
liquids is rendered evident by the turbidity in the condenser. 
These are water aud benzene, formed by th6 decomposition of 
the phosphenylic acid. Pure phenylphoaphine ia readily ob- 
tained from the product by distillation in an atmosphere of 
c&rbon dioxide.' 

It is a colourless liquid, boiling at 160° — 161°, and possessing 
a most repulsive, penetrating smell, which is so intense that 
the mere opening of & flask containing the compound is 
sufficient to contaminate the air of a tolerably large room. It 
npidly absorbs oxygen with evolution of heat and formation of 
phosphenylous acid. 

' Kiihler and MlcliMlIa, Bct. DcuUch. Chem. Ga. x. 807. 



When oxygen ia passed into uncooled phenylphosphine, the 
rise of temperature is so great that ignitioa takes place. It 
also combines with sulphur on gentle wanning, to form phenyl- 
phoaphine sulphide, C^HjPHjS, a. thick liquid having an 
exceedingly unpleasant smell 

rkcnylphosphonium iodide, CgH^PHjI, is formed by the 
combination of dry hydriodic acid with pbenylphosphine. 
It is decomposed by heating or by the addition of water; 
it may, however, be sublimed in need lea in a current of 
hydriodic acid gas. 

Pkrnyl'pkosph(miv.mplatiniehlorid:,{C^^'B.^)^iG\^. Pbenyl- 
phosphine is only slightly soluble in concentrated hydrochloric 
acid ; on the a<ldition of platinum chloride, the platinichloride la 
obtained in yellow crystals almost insoluble in water. 

2005 Ditlkylphcnylphosphine, PCgH..(CjHJj, ia obtained by 
allowing zinc ethyl, diluted with benzene, to drop into a mixture 
of phosphenyl chloride and benzene contained in a flask which 
has been filled with carbon dioxide and is surrounded by a 
freezing mixture; a violent hissing takes place, and so much 
heat is evolved that the liquid soon begins to boil. When the 
reaction is complete, a ctinipouud of the base with zinc chloride 
separates out as a viscous liquid, which is then decomposed by 
caustic soda. 

Diethylphenylphosphiue is a light, strongly refractive liquid, 
boiling at 220°, and possessing a characteristic, disagreeable, 
penetrating odour, which clings to all objects and is difficult 
to remove. 

DietkyiphenylpkoiqtUTie hydrochloride, PC„Hj(C^J,HCl, is 
formed by combination of the base with hydrochloric acid, and 
is a white crystalline mass which deliquesces in the air, forming 
a liquid smelling like the base. It readily combines with 
another molecule of hydrochloric acid, forming tlie liquid di- 
hydrochloride, PCgH((CjHj)j(HCl)j, which ia decomposed on 
distillation into the base and free hydrochloric acid, a portion of 
which recombines in the condenser to form the monohydro- 
chloride. 

Didhylphenylphosphonium chloride, '^{^^^{C^^fii^ When 
chlorine is passed into diethyl phenyl phoaphine, a separation of 
carbon takes place accompanied by deflagration. If, however, 
the chlorine be diluted with air and cooled by a freezing mixture, 
the chloride is formed as a pale yellow liquid possessing a some- 
what penetrating but not unpleasant odour. It solidiflea in a 
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crystalline mass when cooled by a freezing mixture; when 
heated it decomposes with carbonization. 

Liethylphcnylphosphine oxide, 'PCQll^{C,fl^)fi, is only slowly 
formed when the base is kept in contact with air or oxygen, 
while on heating, a more complete oxidation, accompanied by de- 
flagration, takes place. The oxide is, however, readily obtained 
by decomposing the chloride with water, removing the greater 
portion of the hydrochloric acid by evaporation, and treating 
the residue with silver oxide. It forms colourless, transparent 
needles, which are very hygroscopic, exceptionally soluble in* 
water and have an aromatic, fruity odour. It melts at 55"* — 56*', 
and boils above 360°. 

Truthylphenylphosphoriiicm iodide, 'PCfi^(G^^)^y is formed 
by the combination of diethylphenylphosphine with ethyl 
iodide. It is soluble in water, and crystallizes from alcohol in 
radiating needles, melting at 115°. 

Triethylphenylphosphonitcm hydroxide, TC^Hgli^C^^fill, is 
obtained by boiling the aqueous solution of the iodide with 
silver oxide. It is a crystalline mass which is exceptionally 
soluble in water, and attracts both moisture and carbon dioxide 
from the air. The platinichloride, (PCgH5(C2H5)3)2PtClg, cry- 
stallizes in fine, orange-yellow tablets, slightly soluble in alcohol 
and readily in water. 

20o6 Diphenyl phosphorus chloride, (CeH5)2PCl, is formed 
when mercury phenyl is heated with an excess of phosphenyl 
chloride for one hour to 220° — 230° in an apparatus connected 
with an inverted condenser : ^ 

C,H,PC1, + Hg(CeH^, = (CeH5),PCl + Hg(C,H^Cl. 

It is also formed when phosphenyl chloride is kept for some time 
at a temperature of 280° : ^ 

2(CeH,)Pa = P(CeH,)2Cl -f PCI3. 

It is a colourless, oily liquid, boiling at 320°. 

Diphenyl phosphorus trichloride, (CgH5)2PCl3, is readily formed 
by the combination of the preceding compound with chlorine, 
and is a crystalline mass. 

Diphenylphosphinic acid, (G^^)^VO(OW), is obtained by the 
Oxidation of diphenyl phosphorus chloride with nitric acid 
(Michaelis), or by the decomposition of the trichloride with 

* Michaelis, ^<T. Dcutsch. Chem. Gcs. x. 627 ; Michaelis and Link, Ann. Chnn. 
-Pharm. ccviL 208 ; Michaelis and La Coste, JJer. Dcutsch. Chcm. Gc». xviiL 2109. 
« Broglie, ibid. x. 628. 




wat«r. It is, however, beat prepared by warming one molecule 
of phoaphenyl chloride to 100°, and then allowiog one molecule 
of water to flow in gradually, heating first to 200° and then 
to 260°, On cooling, a very liard, bright yellow mass is ob- 
tained, from which wat«r extracts phosphenylic acid, together 
with a littlt< phosphenylous acid. The diphenylphospbinic 
acid ia obtained from the residue by treatment with alcohol, 
a yield of about 30 per cent, on the phosphenyl chloride em- 
ployed being obtained, a tough, yellow masa, which will be sub- 
aequently mentioned, is left behind, being insoluble in alcohol. 

Dipbenylphoaphinic acid forma large, apparently triclinic 
crystals, which melt at 1D0° and are insoluble in water, slightly 
soluble in cold, readily in hot alcohol. It dissolves in hot nitric 
acid, and crystallizes from this solution in needles, which lose a 
molecule of water at 230°, and are converted into the anhydride 

Its Boluhli! salts also crystallize very well, the raoet characteristic 
being the calcium salt, ((CgHj)jPOj),Ca-i-3HjO, which forms tri- 
clinic crystals, and ia much more soluble in cold water than in hot. 

Ethyl diphenylpfiosphinale, (CgHj)jP0{0CjH5), crystallizea in 
colourless needles melting at 105°. 

The yellow mass mentioned above contains the compound 
CgHgPjH, which is, therefore, phenylat«d solid phospburetted 
hydrogen, and is formed in larger quantities when phoaphenyl- 
chloride is allowed to decompose gradually in damp air. It is a 
dark yellow, amorphous powder, having a feeble odour re- 
sembling that of phenylphosphine ; it is insoluble in water, 
alcohol, ether and cold carbon disulplude, kindles when warmed 
in the air, and is oxidized by nitric acid to phosphenylic acid 
and phosphoric acid. 

Together with this body, occurs a compound, CCgHj)jP^OjH 
or CaH5p,.O.PO(CBH5)H, which is very soluble in carbon di- 
sulphide, crystallizes in yellow needles, and yields the same 
oxidation products as the insoluble compound. 

The compounds described above are also formed by the action 
of phosphenyl chloride on phosphenylous acid ; ' 
CcHjPClj + CoHjPO^Hj^SCaHsPO + 2HC1 
5C,TI^P0 = (0,HJ^Pj03+ Pj + CgH^POj, 
5C„HjP0 + HjO + 3P3 = SCoHjP.H + SCaHjPOy 

= 2(C,Hs)jP,0,H + CgH^PO, 

■ MichaeliB and Giittar, Bar, DndicK, Clicm. Ota. iL SSS. 
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The anhydridca, PjCCgHJ.Oa, and. P(CaH5)0,, then combine 
with water tonaing diphenylphosphinic and phosphenyiic acids. 

2007 Bipkeni/lpho^hine, (CgHJ^PII, is formed, together with 
diphenylphosphinic acid, by allowing diphenyl phosphorus chloride 
to drop into & dilute solution of caustic soda, the operation being 
carried on in an atmosphere of hydrogen, Biphenylphosphinous 
acid is first formod in this reaction but is immediately de- 
composed by water: 

2(C,H,)jP0H = (C,H^jPH + (CoHj)jPO.OH. 

This behaviour corresponds to the decomposition of phos- 
phenylous acid into plienylphospbine and pLusphenylic acid, 
which, however, only takes place on heating. 

Diphenylphosphino is a liquid boiling at 2S0°, and possessing 
a very tmpleasant smell, which, however, is not so penetrating 
OS that of the primary base. It dissolves in concentrated hydro- 
chloric and hydriodic acids, but is reprecipitated by water. It is 
oxidized by nitric acid or cUorine water to di phenyl phosphoric 
acid-' 

Melht/ldipkenylphosphinf, (CoHs)jPCHj, is obtained by the 
action of zinc methyl on diphenyl phosphorus chloride. It is 
a colourless, strongly refractive liquid, boiling at 28^" (Micbaelts 
and Link), and having a penetrating odour. 

Mtthyldiphe-nyl-phosphine oxide, (CuHJjCHjPO, is formed by 
the oxidation of the preceding compound in the air. as well as 
by treating an aqueous solution of triphenyhnethylphosphonium 
iodide with silver oxide, the hydroxide, which is first formed, 
decomposing even in the cold, more rapidly on warming, with 
separation of benzene, thus showing that the methyl group is 
more firmly connected with the phosphorus than is the phenyl : 

P(CflHB)5(CH3)0H = P(C(,H5}j{CHj)0 -|- C^l\^. 

Methyldiphenylphosphine oxide crystallizes from boiling etber 
in prisms which melt at llO'-^lll'', and are odourless in the 
pare state. In the preparation of this compound, as well as of 
its homologues, from the phosphonium iodides, resinous by- 
products are formed, smelling like pepfjennint or chloral.' 

EthyldiphenylphospMne, (CflHJjPCjHj,, is a liquid boiling at 
293° ; its oxide, P(CgH(),(CjHj)0. forms lustrous prisms melting 
at 121°. 



3M 



AROMATIC COMPOUNDS. 



DielkyMiphcni/lpho^hmium iodide, 'P(Cgn^\(C^B^)^J. ia 
formed by the combination of ethyldiphenylpbosphine witli 
etliyl iodide, and fonns flue colourless cr}'Etals, having a bitter 
taste and melting at 204°, 

Derivalivt'S of phenylpbospliine and di phenyl phosphine con- 
tainmg both methyl ami ethyl, and others containing ethylene, 
have also been obtained.' 

Diemxydiphcnylphosphine, P(CuHs).OCeH(, ia obtained by 
warming diphenyl phosphorus chloride with phenol in an atmo- 
sphere of hydrogen. The mass is then heated somewhat more 
strongly in a current of hydrogen to remove the hydrochloric 
acid formed by the reaction, and the temperature ia irnally 
raised to 200° and any unaltered phenol distilled off. 

Phenoxyd [phenyl phosphine is a thick, colourless oil, which 19 
soluble in ether and alcohol, boils at 265° — 270° under a pressure 
of 62 mm., and becomes very viscous, without, however, solidify- 
ing when cooled in a freezing mixture. As it does not boil 
under the ordinary pressure without decomposition, its vapour 
density was determined under diminished pressure and found 
to be 9-97— 1007. 

On boiling with water it decomposes iuto phenol, diphenyl- 
phosphine and diphenyl phosphinic acid. This decomposition, 
which is analogous to that of diphenyl phosphorus chloride, ia 
more rapidly brought about by caustic soda. 

Thcnorj/dipheni/lphimphine oxide or Phenyl diphfnylpho^iinaie, 
(C,HJjP0(0CgH5), ia obtained by the direct combination of 
phenoiy diphenyl phosphine and oxygen. This also combiDea 
with bromine to form the compound (CaHj)jPBrj(OCnHj), whicli 
has not been obtained pure, but ia converted by treatment with 
water or boiling with caustic soda into tlie oxide. This crystal- 
lizes from alcohol in small needles or prisms melting at 136° — 
136'. 

Phf.wxrydipkenylphosphi'm sulphide, (CgHj)yPS(OC(|HJ, is readily- 
obtained by mixing solutions of phenoxydiphenylphosphine and 
sulphur in carbon disulphide. It crystallizes from hot alcohol 
in fine needlus, and from ether in small transparent prisms 
melting at 124°. 

The analogous selenium compound has also been prepared. 

Fhenoxydiphenylmethy/phospkonium iodide, (CaHj)jP{OC„Hj) 
CHjT, is obtained by the continued heating of phenoxydiphenyl- 
phosphine with methyl iodide ; it forms a crystalline mass, which 
' GUichiuann, Scr. Dgnltch. Chaj^ Ga. xv. IBS. 
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deliquesces in damp air, and is decomposeil by lH>ilin^ wwivv 
with formation of hydriodic acid, phenol and diplu'nyhnothyl. 
phosphine oxide.^ 

2co8 TriphenylpJiosphine, 7(0^11^)^ is obtj\ii\iHl by i\dilinf( 
sodium to an ethereal solution of phosplu^nyl ohli)rido and 
bromobenzene (Michaelis and Gleichmann). It may luujbUiinrd 
in a more simple manner by replacing the phosplu'uyl (^Idorido 
by phosphorus trichloride : ' 

PQj + 3CeH,Br + 6Na = P(CeH,)3 + 3NaCl + .SNaHr. 

The cheaper chlorobenzene may bo employed iiinteiwl of 
bromobenzene.* 

Triphenylphosphine crystallizes in imperfect, short, tnumparnnt 
prisms or tablets, which from their optical prop(!rtieH uwmi l)nlofi;( 
to the monosymmetric system ; they are alnH)^t othmrlmn 
and dissolve readily in alcohol and ether. It nieltM at 7ir, liiii 
the melting-point is lowered by small traces of iuipuriti«'«. Iti 
an atmosphere of any indiflFerent gas it boils alnive JMJO" with 
sUght decomposition, and hence the det^jrriiinatiofm of iU 
vapour density give too high a numW — 003 JO (J J tunU'tul 
of 907. 

It is not attacked by dry chlorine even on heatinj^ ; it re/i/lily 
dissolves in concentrated hydror^hloric furid evr-n at tlii? ortWiinty 
temperature, but is reprrjcipitaU;^] by wfuU-r, On luUWtm 
platinum chloride to the hydrochloric a/;id hffUtUnu.tMi funotititottH 
yellow precipitate of (P'O^H^^^H^^Pt^'l^ i* o}tisiiuf4. 

Tnphenylpkogphr/nium iodi/h, V^(%\\,,^M\, U ol/f^iirMd by 
dissolving the j^ospfaine in Lot hyfWuAif. fu:if\ ; ou /'^^lir»j( it 
separates out in fine nfredl^ whi^; it f:r/n^^lU'//K irotn )tfi^.'j\i%£.\u\ 
acetic acid in l#>ng pnxrriM. h in j^rn^/r/^A luf/, <u roth\/fttntU 
by water; it meit* at il-V' wi*h ''^'yy/r/*r^//;*,^/r, it f/,-r*.,//f9 
-subliming unalvired. 

TriphenjipL<i«phnv7 aLv> o',Tr/v!r,/:^ -»',*(* lu-, * ,.- r/.-r/jr "/ •r./'v 
chlorine groap, brit th^ *y.Tr.fr/*,v:< f%r;r,'/J r'.(,ry^ v ', /^>/^/| 
pore. 

br the pL'y»irC::>=: r:-v^r. ^r.^r, •r.> ,;i.'v r ,/ f ,//.-; 7,v r •:"// ^:.'- 

an excess :^ imvir x^^A.:,-/ */•*'', .v/y-r^^/ ^^-..,',-'' / -^ ,r.', -^ 

• JTi-aa^'i mil T-* '^K^f** ,^>^ ^V* -/^"^ <.>^«« ^♦^ / ■' ; >• Vf 
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warming, and then boiling with caustic soda until the oily 
product has become colourless, or by adding potassium chlorate 
to the warm solution of the phosphine in hydrochloric acid. It 
is slightly soluble in hot water, readily in alcohol, and crystal- 
lizes from a mixture of petroleum ether and benzene in well 
developed piisms. It readily loses water and is converted at 
100** into the oxide, melting at 153°*5 and boiling at 360" with- 
out decomposition ; the vapour density was found to be 9*79, the 
theoretical value being 9*68.^ 

Triphenylphosphine oxide is not acted on by bromine, oxygen, 
sulphur, methyl iodide, &c, while the isomeric phenoxydiphenyl- 
phosphine, like triphenylphosphixie, readily combines with these. 
This is due to the fact that the phosphorus is trivalent in the 
two latter, and pentavalent in their oxides : * 

Triphenylphosphine. Triphenylphosphine Oxide. 

P-C,H, O = P-C,H, 

Phenoxydiphenylphosphine. Phenoxydiphenyl phosphine Oxide. 
P-OCeH, O = P-OCeH, 

THphenylphosphine nitrate, P(CgH5)3(N08)2, is obtained by 
dissolving the phosphine in fuming nitric acid and evaporating 
the solution. It forms a yellow, radiating, crystalline mass 
which continually gives oflf nitric acid, and on standing over 
sulphuric acid and slaked lime is changed into the basic salt 
P(CgH5)3N03.0H, which melts at 75**, and is converted into the 
hydroxide on boiling with water. 

Tri'plienylphosphine sulphide, P(CgH5)3S, is obtained by 
evaporating a solution of the phosphine and sulphur in carbon 
disulphide ; it crystallizes from hot alcohol in long needles 
having a silky lustre, melting at 157°'5, and boiling with slight 
decomposition above 360^ 

TriphenylpJiosphine selenide, T{G^^^Se, is a very similar 
substance, which melts at 183" — 184", and is obtained by heat- 
ing the phosphine with selenium. 

1 Mirhaelis and La Coste, Bcr, DetUaeh, Chcm, Ges, xviil 2118. 
« Ibid, 
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Compounds of triphenylphosphine with the alcoholic iodides aro 
very readily obtained ; they are only slightly soluble in water, 
and readily in alcohol, but almost insoluble in ether, have a 
bitter taste and become coloured yellow in the air. 

THphenylmethylphosphoninm iodide, P(CgH5)3CH3l. Methyl 
iodide combines energetically with the phosphine to form this 
compound, which crystallizes from water in small plates having 
a vitreous lustre ; the melting point of these crystals lies at first 
between 165® and 166^ but after repeated recrystallizations rises 
gradually to 182° — 183^ at which point it remains constant. 

On boiling its aqueous solution with silver chloride, the 
chloride, P(C^H5)3CH3C1+H20,is formed and maybe obtained by 
evaporation as a crystalline mass, losing water at 100" — 110^ and 
melting at 212**— 213**. The platinichloride, (P(CflH j3CH3)2PtOI„, 
is a precipitate crystallizing from water or alcohol in yellowish 
red needles. 

Mclting'point. 

Triphenylethylphosphonium iodide, 

PCCcHgljCaHJ, broad, colourless tablets . . . 164**— 1 05** 

Triphenylpropylphosphonium iodide, 

ViCfi^fi^^l, strongly lustrous, thick, mono- 
symmetrical plates 201 '5** 

Triphenylisopropylphosphonium iodide, 

P(CflH5)3CH(C3H3)2l + 2Hp, thick, opwiue 
plates , — 

Triphenylisobutylphosphonium iodide, 

TdO^K^fifi^, small lustrous plates or needles . 1 76''— J 77** 

Triphenylamylphosphonium iodide, 

P(CgH5)3C5HiiI, colourless prisms J 74** 

By the action of freshly precipitated silver ox id*; on themj 
compounds the corresponding hydroxides are obt.'iiiH;rl ; thew?, 
as already mentioned, are rapidly resolved into U'W/Mua and 
diphenylphosphine oxides, containing an alcohol vuVun]. 

Meihylenehesrphenylphosphrmium ifxli^U, V^^O^H^j^yAl^^^ \n 
formed when the phosphine is difwAwfA in rnethyKne i'l'lide, anrl 
aystallizes in small lustrous neerlles, 

EthyUnehexph^nylphosph^mium hrf/m.ifU, I'l'^^v^Hj^/'jH^lJrj, in 
a crystalline powder, slightly s^Juble in maUit} 

» Micbaelb sod GldchnuDn, B'T. I^uMt. Chm, fhM. xr. >M'f Ann, Ohm, 
Pkarwu cctxiii. 31S. 
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2009 TnnUrotriphmylpko^kiTit oxide, F{C^}l^.y0^fi. One 
part of triphenylphosphine oxide ia eareftilly aJded to a mixture 
uf two parta of fuming nitric acid and five parts of concentrated 
sulphuric acid, so that the temperature does not become higher 
thaja 1 5° or 20°, and the mixture then poured luto cold water, A 
mi^m-e of two isomeric nitro -compound a then separates out, 
one of which can be easily removed by boiling alcohol. This 
is a bright yellow resinous body, and has not been obtained 
perfectly pure. The chief profluct, amounting to from 85 to 90 
per cent, of the theoretical jiuld, remains behind as a yellowish 
white crystalline powder. It is then dissolved in boiling glacial 
acetic acid, and precipitated from solution in tho form of long, 
yellowish, oblong plates by the addition of four volumes of 
alcohol. These can be obtained nearly colourless by rc- 
cry stall izatiou from glacial acetic acid, with or without sub- 
sequent addition of alcohol The crystals mett at 224° and 
deflagrate at a higher temperature, 

Triamidolriphenylphosphvie oxiiU, P(CgH,.NHj)gO, la obtained 
by reducing the nitro-cora pound with tin and hydrochloric acid. 
It crystallizes from alcohol in colom-less prisms containing a 
molecule of alcohol, whfch is driven off at from 100° to 110°. 
It separates from a largo quantity of hot water in anhydrous, 
glittering, reddish-coloured plates melting at 258°. Its salts are 
very soluble and remain on evaporating their solutions as gum- 
like or vitreous masses. 

When tiie base is boiled with acetic anhydride & triacetyl 
compound, P(CeH,.NH.CjH30)sO-|-HjO, is formed. This 
separates from solution in dilute acetic acid or alcohol io warty 
crystals, which do not become perfectly anhydrous until 130° — 
130°, and then fuse at 186° — 187° with evolution of gas. 
Hl'x>)utkylirianlidot■riplle:nylpkmph^neoxidt,V\C^^.'^{C')i^^O, 
is formed when the amido-compouud is heated with methyl' 
ioilide and wood-spirit. It crystallizes from alcohol either in 
needles containing one molecule of alcohol, or in crystals free 
from alcohol, melting between 149° and ISS". If an excess of 
bromine -water be added to the hot aqueous solution of the 
amido-com(>oimd containing hydrochloric acid, a light reddish 
grey precipitate of P(CgHjBrjNHj)jO is formed, whilst chloriua 
water gives a brown precipitate (Michaelis and von Sodeu). 

Diphosphobenztjie hydroxide, CgHjPzzPOH, is prepared by the 
action of spontaneously inflammable hydrogen phosphide oa 
phosphophenyl chloride, the product being rubbed up and washed 
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-with alcohoL It is a yellow powder, readily soluble in carbou 
disulphide, which takes fire when warmed in the air, and is 
oxidized to phosphenylic and phosphoric acids when heated with 
nitric acid.^ 

Diphosphenyl, C^HgPzzPCeH^, corresponds to azobenzene, as 
the foregoing compound does to diazobenzenehydroxide ; hence 
it has been termed pJiosphobenzene. To prepare it, phenyl- 
phosphine is brought into a flask through which a current of dry 
hydrogen is passing, and phosphophenyl chloride allowed to 
drop in : 

CeH^PCl, + CeH,PH, = 1 1 + 2HC1. 

CeH,P 

The mass is gently warmed, and the product washed first with 
water and then with pure ether. It is a yellowish powder 
readily soluble in hot benzene, melting at 149° to 150** and 
solidifying to a crystalline mass. It gradually oxidizes in the 
air forming oxyphosphobenzene, (0^11^)^. On heating with 
concentrated hydrochloric acid it splits up into phenylphosphine 
and phosphophenyl chloride, which latter is, however, at once 
converted by the water present into phosphophenylous acid. 
This acid is also formed by oxidation with dilute nitric acid, 
whilst the concentrated acid converts it into phosphophenylic 
acid (Kohler and Michaelis). 



ARSENIC DERIVATIVES OF BENZENE. 

2010 ArsenpJienyl cJiloricle, C^HgAsCU. This is formed together 
with diphenyl, CijHjq, when the vapours of benzene and arsenic 
trichloride are passed together through a red-hot tube. The two 
compounds cannot be separated either by crystallization or 
distillation, and hence the chloride is best prepared by the action 
of arsenic trichloride on mercury phenyl.^ It is a colourless, 
powerfully refracting, not very mobile liquid, boiling at from 
252° to 255° and not fuming in the air. When cold it possesses 
a faint unpleasant smell, but when warm its odour is penetrating ; 
it acts on the skin as a powerful caustic. It is not attacked by 

^ Michaelis, Ber, Deutseh, Chem, Ges, viii. 499. 
^^Q ^ La Coste and Michaelis, Liebig'a Ann, ccL 191. 
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water even when boiling. With chlorine it combines to form a 
tetrachloride, but bromine decomposes it with formation of 
paradibromobenzene. 

Arsenphenyl oxide, C^HgAsO, is prepared by the action of a 
solution of carbonate of soda on the chloride ; it separates from 
alcoholic solution in crystalline crusts, which melt at from 119"* 
to 120^ and possess when cold a peculiar odour resembling that of 
aniseed, but when hot have a very penetrating smell, the vapour 
attacking the mucous membrane of the nose violently. It does 
not dissolve in water but is soluble in alkalis. When strongly 
heated it decomposes into arsenic trioxide and triphenylarsine. 

Arsenphcnyl hrmnide, CgH^AsBrg, is obtained by warming the 
oxide with an excess of concentrated hydrobromic acid. It is a 
liquid possessing a faint smell and boiling at 285** with decom- 
position. It is readily converted by bromine into bromobenzene 
and arsenic tribromide. 

Arsenphenyl iodid^., CgHgAsIg, is a heavy, oily, red-coloured 
liquid. When its alcoholic solution is treated with phosphorous 
acid, iodarsenobenzene, C^HgAsLAsICgHg, is formed. This 
separates out in bright yellow needles, which on addition of 
iodine are converted into the original compound. It is a very 
unstable body, and deliquesces in the air.^ 

Arsenphenyl tetrachloride,C^^A.sC\^yCTystSLllizesin broad yellow 
needles melting at 45°, which fume in the air and are readily 
decomposed by water. It behaves in quite a different manner 
with acids from the corresponding phosphorus compound ; it dis- 
solves readily in cold glacial acetic acid ; on warming no acetyl 
chloride is formed, but chloracetic acid is obtained, whilst sulphur 
dioxide does not act upon it. When heated in an open vessel, 
or when carbon dioxide is led through the warm liquid, it is 
decomposed into chlorine and arsenphenyl chloride. When 
heated to 150° in a closed vessel, it is converted into arsenic 
trichloride and monochlorobenzene. 

Arsenphenyl oxydiloride, C^^k.sOC\^ is formed when the 
tetrachloride is allowed to drop into the necessary (quantity of 
water ; it may, however, be obtained more easily and in a purer 
condition by the combination of chlorine and arsenphenyl oxide. 
It is a white crystalline mass which fuses about 100° and fumes 
slightly in the air. 

Phenylarsinic acid, CgH5AsO(OH)2, is prepared by acting on 
the oxychloride or tetrachloride with water. It is slightly 

* Michaclis and Schulte, Ber. DstUseh. Chem, Cha. xiv. 913. 
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solulile in cold, readily in hot water, and crystallizes from alcohol 
ia long prisms and compact masaea. Wben heated to 140° it U 
converted into the anhy<iride, G^HjAsOj, an amorphous powder 
which readily re-coinhiiies with water. It is a very stable 
comiwund which resista the action of powerful oxidizing agents, 
and is scarcely act«d on by rediiciug agents; on boiiiDg with 
iodine and amorphous phosphorus it yields arsenphenyl iodide. 
When it is heated with soda-lime, benzene is formed, and 
thta together with phenol is obtained on fusing it with 
alkalis.* 

Phenylarsinio acid is poisonous ; the symptoms begin and 
death follows rather more slowly than is the case with animals 
poisoned by arsenious acid, but hardly less rapidly than with 
arsenic acid. The phenyl arsinatcs of the alkali metals are 
acid salts, but possess a neutral reaction, and, with the excep- 
tion of the ammonium salt, they do not crystallize. The metals 
of the alkaline earths also readily form acid salts, which how- 
ever crystallize well. The heavy metals replace two atoms of 
hydrogen, and their salts are either slightly soluble or insoluble 
in water. 

I)iiMthylp}unijlar»ine, AsCgHs(CHj)j, is formed when zinc 
methyl acta on the dichloride. It is a thin liquid which boils 
at 200° aud possesses a pnngent disagreeable smell.' 

Diethyljikfnylarsine, AsCuHs(C,HJj, is a colourless, powerfully 
refracting liquid which possesses a disagreeable smell and boils 
at 240°. It combines with chlorine forming diethyl phenylarsine 
chloride, AsCoHsCf^iHs)!*-''!' which forms fine crystals. 

Triethylphenylar&vnium iodide, AsC^^(C2H^^^, is obtained 
by heating diethylphenylarsine with ethyl iodide to 100°. It 
crystallizes from aqueous solution in prisms which have a very 
bitter taste, fuse at 112° — 113°, and are resolved into their con- 
stituents when heated iu a current of carbon dioxide. The 
strongly alkaline hydroxide and the chloride obtained from the 
above compound are synipy masses (La Coste and Michaelis). 

aoii Arsendijihenyl ehloride, {CgHJ^AsCl, is prepared by boil- 
ing an excess of arsenphenyl chloride with mercury phenyl. It 
is a light yellow, oily, non-fuming liquid which wben heated 
Las a powerfully pungent smell, and attacks the skin, though 
less violently than arsenphenyl chloride. It boils at 280° and 
is converted by alcoholic potash into araendiphcnyl oxide. 



^ 
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[C-'B^^s)!^];^- which forma a warty crystalline mass melting 
at 91°— 92°. 

Arsendipkenpl trichloride, (CgHj)jAsCI,. This compound ia 
formed by the combination of the raonochloride with chlorine ; 
it crystallizes from benzene in tablets which melt at 174°, On 
heating to 200° it decomposes into chlorobenzene and arsen- 
phenyl cliloride. 

Arscndiphfni/l oxychlaride. [(CgHJ.AsClJjO, is a white powder 
melting at 117°,and formed by the direct union of chlorine with 
diphenylarsine oxide. Water decomposes it with formation of 
dipbenylarsinic acid. 

Diphenylardnie add, (C^H^^AsO(OK), is prepared by the 
action of water on the trichloride. It crystallizes in long 
needles melting at 174°, and is a weak acid which, together with 
its soluble salts, acts as a strong poison, being more rapid in ita 
action than phenylarsinic acid. Boiling concentrated nitric 
acid does not attack it. 

Diphenylmtthylarsine, A3(CgHj)jCHg, is obtained by the octioa 
of zinc methyl on the chloride. It is an oily, poweriuUy refrac- 
tive hquid, boiling at 206" and possessing a very penetrating 
smelL 

DipKenyltthylarsine, As{C^^fi^^, boils at 220^ and has a 
not unpleasant fruity smell. It combines with chlorine to 
form diphenylethylarsine chloride, crystalUzing from beuzene in 
long needles fusing at 137°. 

2012 Triphcnylarsiitf; A&{C^'{^^.\s ioxm&\ when aracnphenyl 
oxide is heated to 180°— 200° : 

SCgHjAfiO ^ CC8Hj)gAB + AsjOg, 

It can however be prepared more readily by acting on a 
mixture of arsenic trichloride, bromobenzene and ether with 
sodium,* It crystallizes from arsendiphenyl chloride in thin, 
brittle plates having a vitreous lustre, and melting at 58° — 69", 
In a current of carbon dioxide it boib above 360" and does not 
combine with ethyl iodide even on heating, 

Tripheiiylaraine chloride, (C^K^^AsCl^, crystallizes from hot 
benzene in plates which fume slightly in the air and melt af 
l7l°. When heated in a closed tube it decomposes into 
arsendiphenyl chloride and chlorobenzene. 

TriphmyiarsiM hydroxide, {C^lI^)^As{OE)^ is formed by 

> MicIiB«lia BJid Bene, Bcr. Dtalach. Chaii. Q4i. TV. 2S7S. 
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boiling the chloride with water, or better with dilute ammonia. 
It crystallizes on evaporation in plates or white needles which 
melt at 108°. Over sulphuric acid it effloresces at 105° — 110°, 
forming triphenylarsine oxide, (05115)3 AsO, melting at 189°. 

Triphenylarsine sulphide, {CqII^^S, is obtained by fusing 
triphenylarsine with sulphur, or more easily by boiling tri- 
phenylarsine chloride with yellow ammonium sulphide. It is 
insoluble in water and the alkali-sulphides, but crystallizes from 
hot alcohol in silky needles melting at 162° (La Ooste and 
Michaelis). 

ArseTwbenzene, O^H^Asi^iAsOgH^. This body is formed by 
the action of most reducing agents on an alcoholic solution of 
arsenphenyl oxide, O^H^AsO ; the best method is to boil it with 
crystallized phosphorous acid : 

CflHgAs 
2O0H5ASO + 2PO3H3 = 11+ 2PO,H3. 

OgHgAs 

It crystallizes in yellowish needles, melting at 196°, slightly 
soluble in alcohol, but readily in benzene; the solution soon 
becomes resinous. On heating strongly it decomposes into 
triphenylarsine and metallic arsenic ; chlorine converts it into 
arsenphenyl chloride.^ 



ANTIMONY DERIVATIVES OP BENZENE. 

Triphenylstihiiie, Sh{CQH^)^y is formed when a mixture 
of bromobenzene and antimony chloride dissolved in ben- 
zene is heated with sodium. It is slightly soluble in alcohol, 
and crystallizes in small plates which have a faint unpleasant 
smell, and fuse at 48°.* 



BORON DERIVATIVES OF BENZENE. 

2013 Phcnylhoron chloride^ CgHgBCU. When boron tricliloride 
is heated to 180° — 200° with mercury phenyl, this body is 
formed. It is a colourless liquid which fumes in the air, and is 
'violently decomposed by water. It boils at 175°, solidifying at 
the ordinary temperature to a crystalline mass which melts 

* Miclioelia and Schulte, Bcr, Deutsch, Chan. Oes. xiv. 912. 
' Michaelis and Keese, ibid, xv. 2876. 
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about 0°. At the ordinary temperature it does not absorb 
chlorine, but when placed in a freezing mixture it takes up 
about two atoms, becoming liquid. If the freezing mixture be 
removed, a portion of the compound produced is resolved into 
chlorine and phenylboron chloride, another part yielding chloro- 
benzene and boron trichloride : 

CeH,BCl, = CeH,Cl + BCl,. 

This decomposition corresponds exactly to that of arsenmethyl- 
tetrachloride into methyl chloride and arsenic trichloride. 

Phenylhoric add, G^fi{OH)^ is obtained by slowly dropping 
the chloride into water. It crystallizes from warm water in 
aggregations of needles melting at 204** and volatilizing slightly 
in a current of steam. The acid reddens litmus feebly and 
yields crystallizable salts. 

Sodium phenylborate, CgH5B(ONa)2, is soluble in water and 
crystallizes in large quadratic tablets. 

Acid calcium phenylborate, (C^^^02)CaS.2, forms warty 
druses. 

Acid silver phenylborate, CgH5.B0Ag(0H), is a yellow precipi- 
tate which rapidly undergoes change on exposure to light. It 
is formed by adding silver nitrate and some ammonia to a 
solution of the acid. Heated with water it decomposes into 
benzene, boric acid, and silver oxide : 

SCeH.BO^AgH + SHp = 2CeH, + 2B(OH)3 + Ag,0. 

EthylphenylhoratCy Q^fi{OC^^^, is formed by acting on 
the chloride with absolute alcohol. It is a colourless, pleasantly 
smelling liquid, boiling at 176° and readily passing into the acid 
on standing in moist air. 

A characteristic reaction for phenylhoric acid is that, even in 
very dilute solutions, it gives a precipitate of phenylmercuric 
chloride with corrosive sublimate solution : 

CeH,B(0H)2 + HgCl^ + H^O = CeH.HgCl + B(0H)3 + HCl. 

By this test one part of the acid in 25,000 parts of water 
can be detected. 

FJicnylboron oxide, CgHgBO. This anhydride of phenylboric 
acid is obtained when the latter compound is heated above its 
melting-point. It forms a colourless crystalline mass which 
melts at 190** and boils without decomposition above 360**. 
It is soluble in alcohol and ether, but not in water, although it 



combines with water on long continued boiling, jielding pheuyl- 
boric acid.' 

Bone acid poHs^asea well-kuowii UDtiseptic properties, nnd it 
was natural to exj)ect that its phenyl comjxmnd would exhibit 
similar properties in even a more iniirked degree. The experi- 
mt-nte of Filehne and Rothaas seem to pronuso a future for 
phcnylboric acid in therapeutic pfoctice. as it posGesses a 
mild uoDiatic taste, and ovon when ttiken in largu duses does 
not priKluce any corroaivo action, only giving rise in the human 
subject to singing Lu the cars, giddiness, and beoiiache, which 
soon disappear, tliougJi it acts as a powerful poison on the lower 
animals. Thu3, 2 ingm, acts fatally on a frog, whilst 0'5 grm, 
can be given to a rabbit without producing any serious eS'ect«, 
Its antiseptic action is from five to ten times as jK)werful as 
that of its sodium sidt; a solution of the acid of the strength 
of 1 to 100,000 diminishes the rate of putrefactive decom- 
poution, and meat can be preserved fresh in a solution of 1 to 
5,000 providwl the quantity of preservative solution employed 
is Urge enough to prevent the acid from being neutralised by 
the alkaline salts contained in the flesh. The formation of 
bacteria is prevented by a solution containing 1 to 1,000, and 
greatly retarded by one of from 1 to 10,000.^ 
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9014 Plitnylsilicon c/ilorulc, CoH^SiCl^, is obtaineil by beating 
silicon tetrachloride with mercury phenyl to 300°. It is a 
powerfully refractJTo liquid which fumes in the air and possesses 
a smell similar to that of silicon chloride. It boils at 1!)7°, and 
on ignition bums with a strong, smoky, green-mantled flame, 
leaving a residue of silica. 

Phmylsilieie acid, or SUieo-hejizoie add, CBH5.SiO.OH, is formed 
vhen the chloride is added drop by drop to an excess of dilute 
ftmmoniu. The acid which sej^arates out is dissolved in ether, 
and on evaporation remains as a transparent mass resembling 
solidified beads of molten gloss. From alcoholic solution it 
tcpimites out as a syrup which dries to a solid mass and is then 
inwlublo in alcohol though dissolving in ether. It melts at 1*2', 
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and dissolves in caustic potash, from which it is not reprecipi- 
tated by hydrochloric acid, but if this solution be allowed to stand 
in the air, or if ammonia be added to the acid solution, the acid 
separates out. On evaporating the alkaline solution and heating 
the residue, benzene distils over : 

CoHsSiOiK + KOH = CgH, + SiO,K^. 

This decomposition corresponds to that of benzoic acid into 
benzene and carbon dioxide. 

The salts of this acid have not been prepared. If the acid 
be dried at 100' it is converted into silicohenzoic anhydride, 
(CgHjSiO),0, an amorphous powder which, hke the acid, burns 
with a smoky flame, siUca coloured black by carbon remaining 
behind. 

Phenylsilicon ether, or Elhyl vrtlwsilicohenzoate, CeH5Si(0C,H5)y 
is formed by the action of tlie chloride on absolute alcohol, and 
is a pungent smelling ethereal liquid boiling at 235°. UTien 
heated with concentrated hydriodic acid, silicobenzoic acid is 
formed : 

CoH^SiCOCjHJj + SHI = CaH5.SiO,H + 3C,HjI + H,0. 

Silicontriet/iylpheiiyl, C^Jl^SiiC^^^ ia obtained whun the 
chloride ia heated with zinc ethyl from 150° — 165*. It is a 
colourless liquid boiling at 230°, its vapour possessing a faint 
smell of oil of cloves. The chloride, SiC|jHjgCl, is formed by 
passing chlorine into the above compound, kept well cooled ; it 
is a thick liquid boiling between 260° and 265°, and possessing 
a faint aromatic odour. It is not converted into an acetate when 
treated with an alcoholic solution of potassium acetate even at 
250', and it is therefore probably silicon chlorophenyltriethyl, 
CBH^ClSi(C5Hj)3.' 

Siliconiiirapkcnyl, or Silk'mtetrapkenylnwtkane., Si(C(Hj)j, is 
formed by the violent reaction of sodium on a mixture of silicon 
tetrachloride and chlorobenzene, diluted with ether, to which 
soma acetic ether has been added. It is sparingly soluble in 
alcoliol and ether but readily in hot benzene, separating from 
this solution as a crystalline powder, or in larger ill-defined 
crystals; it melts at 228° and boils above 300°. On beating 
in the air it burns with separation of light flocks of sih'ca 
which are carried off by the products of combustion, leaving no 
residue.* 



!■ 
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aoi5 Tin, triethylphenyl, CoHjSn(CjHjs)3, ia formed when a 
mixtue of trieth;! tia iodide aud bromobenzene diluted with 
ether is heated with sodium : 

CflHsBr -f- (CjEJ^Snl + 2Na = (C,HJ,SnCaHj. + NaEr + Nal. 

It is a colourless, powerfully refractive liquid possessing rather 
a pleasant smelL and boiling at 254°. Its vapour undergoes 
partial osidation on exposure to air, and on ignition it bums 
with a luraJDOus smoky flame leaving a residue of tin. If its 
alcoholic solution be warmed with silver nitrate, a lino silver 
mirror is deposited and diphenyl, C,jII(„, and triethyl tin nitrate 
are formed. When acted on by iodine it decomposes into iodo- 
benzene and triethyl tin iodide, while fuming hydrochloric acid 
eonverta it into benzene and triethyl tin chloride. 

Elhylphmyl tin chloride, C„HB(C,Hg)SuClj. is formed by the 
action of tin tetrachloride on the last named compound : 

C,Hj(CjH5)^Sn + SnC!^ = CaH,(CjHJSnCl^ + (C,Hs)jSnC!,, 

It crystallizes from ether in scales which melt at 45' and are only 
slightly soluble in water and hydrochloric acid, but dissolve 
readily in absolute alcohol.' 

J>ipkenyl tin chloride,, (C^HjjjSnClj. In order to prepare thia 
compound, a mixtiu-e of equal parts of tin tetrachloride and 
mercury phenyl with petroleum spirit is boiled iu a flask con- 
nected with a reversed condenser for twelve hours, and the liquid 
then distilled at a temperature below 160°. The product obtained 
from 300 grms. of mercury phenyl is next poured into 500 to 
750 cbc, of cold water and tlie mixture well shaken. The 
aqueous solution contains hydrochloric acid, stannic chloride, and 
diphenyl tin chloride ; it is warmed on the watcr-liath from 85' 
to 90°, when, after standing for a short time, a part of the 
diphenyl tin chloride separates out as a heavy oil. The aqueous 
solution is then poured off and again wanned for two hours, 
ft gummy powder being deposited. This consists of a mixtiu^ 
of the chloride and bydroxychloride ; this is then removed, and 
after heating for two hours almost pure bydroxychloride sepa- 
rates out, and at last a mixture of this compound with diphenyl- 
' Lsdenbtirg, Jjm. Chtm. Pharm. clU. 251. 
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tin oxide and stannic oxide. The pure chloride is obtained from 
this last named mixture and from that of diphenyl tin chloride 
and hydroxychloride by passing hydrochloric acid gas over the 
substance and finally warming to 45**.^ The product is then 
extracted with petroleum spirit. 

Diphenyl tin chloride is readily soluble in alcohol and petro- 
leum spirit, crystallizing from the latter solvent in compact, 
transparent prisms often an inch in length, which have a 
diamond lustre and belong to the triclinic system. It possesses 
a penetrating sweetish taste, melts at 42° and boils with partial 
decomposition at from 333** to 337**. When heated with con- 
centrated hydrochloric acid to 100** it decomposes into benzene 
and stannic chloride. 

Diphenyl tin hydracychloride, (CgH5)2Sn(OH)Cl, is formed 
when the chloride is gently warmed with water, or when it is 
exposed to most air. As stated above, it is also obtained in the 
preparation of the chloride, and it is prepared in the pure state 
from the product, containing some chloride, by washing it with 
alcohol and then allowing the residue to stand for some time in 
contact with water. 

It is an amorphous powder, fusing at 187** and insoluble in the 
ordinary solvents. Concenti-ated hydrochloric acid converts it 
into the chloride. 

DipJienyl tin oxide, {GoR^^nO, is obtained by the decompo- 
sition of the chloride or hydroxychloride by alkalis. It is a 
white powder which after drying does not fuse, and possesses 
analogous properties to the hydroxychloride. 

Diphenyl tin chlorohrmnide, (CgH5)2SnClBr. When hydro- 
bromic acid gas acts upon the chloride or oxychloride, this com- 
pound is formed. It closely resembles the chloride but possesses 
a more powerful odour, and separates from its solutions as an 
oily liquid which is converted into a mass of crystals on bring- 
ing into it a fragment of the crystallized compound. These 
crystals fiise at 37^ 

Diphenyl tin chloriodide, (C^5)2SnClI, is formed in a similar 
way to the above-mentioned compound. It crystallizes in trans- 
parent, glistening monoclinic prisms melting at 69^ 

A fact worthy of note is that by the action of hydrobromic or 
hydriodic acids on the chloride, the weaker halogen displaces 
the stronger, just as phosphenyl chloride is converted by hydro- 
bromic acid into phosphenyl bromide. This shows that diphenyl 

^ AroDheim, Anju Ch4:m. Pharm. cxciy. 145. 
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tin chloride does not act like the chloride of an organo-metallic 
radical but like that of a non-metal. 

Diphenyl tin bromide, (CQH5)2SnBr2, is formed by the action of 
hydrobromic acid on the oxide. It is a thick oily liquid, which 
on standing for some days does not soUdify, but does so at once 
when a crystal of the chlorobromide is placed in the liquid, 
showing that this latter compound is isomorphous with the 
bromide, which it otherwise closely resembles. It melts at 38**. 
Hydriodic acid acts in a similar way on the oxide, but the iodide 
has not yet been isolated as it at once undergoes the further 
change into benzene and stannic iodide : 

(CeHg^oSnlg + 2HI = 2C^Il^ + SnT^. 

Diphenyl tin di-ethyl ether, {G^^^niOC^^^. This compound 
is prepared by adding sodium to a solution of the chloride in 
absolute alcohol. It separates from this solution in very bright 
cube-shaped crystals or in long prisms which melt with decom- 
position at 124° and are readily decomposed by water into the 
oxide and alcohol. 

Triphenyl tin chloride, (CgH5)3SnCl, is prepared by the action of 
sodium amalgam on an ethereal solution of diphenyl tin chloride, 
or by heating the latter in a current of ammonia from 100** to 
200**. Alcohol extracts from this triphenyl tin chloride and 
stannic chloride, whilst diphenyl tin hydroxychloride remains 
behind. This latter compound is probably derived from 
(CgH5)3SnCl(NH2) which is previously formed. The reaction, 
doubtless, takes place in two separate stages : 

(1) SCCeHJaSnCU = 2(CeH5)3SnCl + SnCl^. 

(2) (CeH,)2SnCU + 2NH3 = (CeH,)2SnCl(NH2) + NH.Cl. 

The best mode of preparing triphenyl tin chloride is to dissolve 
one part of diphenyl tin chloride in from four to five parts of 
glacial acetic acid, and to add one molecule of sodiimi nitrite for 
every molecule of the former compound. Triphenyl tin chloride 
is here formed in the same way as above but, in this case, it is the 
chief product. At the same time nitrosobenzene * is produced : 

(CeH5)2SnCl2 + N2O3 = 2CeH5NO + SnOClj. 

Triphenyl tin chloride separates from solution in large crjrstals 
melting at 106^ Its alcoholic solution yields a gelatinous 

' Aronheim, Ber Detitseh Ckem, Gts. xii 609. 



AKOMATIC COMPOFNDS. 



precipitate with ammonia, and this on drying forms a white. 
strongly electric powilorwhich melts at 117" to HS'.and has the 
formula 2(CaHj),SnOH + 3HjO, or [(C^H J,Su],0 + 4H,0. It is 
soluble iu hot water and yielda stable, cryatallizable salts. 



MERCURY DERIVATIVES OF BENZENE. 

3oi6 Mercu-ri/ phenyl, Hg(CBHj)j, was prepared byDreber and 
Otto by acting on bromobenzene with sodium amalgam.* 

Tho boat yield ia obtained by boiling a mixture of bromo- 
benzene with its own volume of anhydrous coal-tar naphtha 
boiling between 120° and liO", one-tenth of its weight of acetic 
ether and an excess of 2"7 per cent, sodium amalgam.' for some 
hours in connection with a reversed condenser. The product 
is filtered whilst hot, and the crystals which deposit purified by 
recrystallization from benzene and absolute alcohol. 

This compound crystallizes from its saturated benzene solution 
in small, brilliant needles, which have a strong lustre and 
resemble asbestos. It separates from dilute solutions in long 
white prisms, which melt at 120°, and with care can be 
sublimed. It is somewhat volatile in a current of steam, but 
boils far above 300", being then partially converted into 
mercury, benzene, diphenyl, and charcoal, and completely 
converted into these products at a red-heat. 

It is odourless, perfectly insoluble in water, slightly soluble in 
cold, more readily in hot alcohol and ether, butveiy soluble in 
benzene, carbon disulphide, and chloroform. 

Ladenburg, when working with this compound, suffered 
severely from the irritant power of its vapour, especially on the 
eyes, and became bo sensitive to its action that he foimd himself 
unable to remain in the room where it was being prepared. 

When hydrochloric acid gas is passed over it, this compound 
splits up into benzene and mercuric chloride ; the concentrated 
aqueous acid acts in a similar way, as does strong hydriodic or 
moderately concentrated sulphuric acid, &c. The halogens 
decompose it, according as an excess is employed or not, either 
into monochloro-substitution -prod nets of benzene and salts of 
mercury, or into those of mercury phenyl. On beating it with 
* Auk. Chem, PAartn. olir. B3. ' Ibid, cioiv. 1*8. 
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sodium, benzene and sodium amalgam are obtained. It com- 
bineis with sulphur trioxide forming mercuric benzenesulphonate 
(C«H,SO,)^g. 

Phenyl mercury hydroxide, C^HgHgOH, is readily formed by 
the decomposition of the haloid salts by alkalis, but is best 
prepared by acting on the alcoholic solution of the chloride with 
moist oxide of silver.^ It forms small rhombic crystals slightly 
soluble in cold but readily in hot water, benzene and alcohol. 
It acts as a powerful base; its aqueous solution has a strong 
alkaline reaction, precipitating alumina from its salts, decom- 
posing ammonium salts and absorbing carbon dioxide from 
the air. 

Phenyl mercury chloride^ CgHgHgCl, is best obtained by heat- 
ing equal molecules of merciuy phenyl and mercuric chloride 
together with alcohol in a sealed tube at lOO'? — 11 0^ It crystal- 
lizes in rhombic scales melting at 250° and subliming when 
gently heated ; these are insoluble in water and slightly soluble 
in cold alcohol. 

Phenyl mercury bromide, CgHgHgBr., is formed, together with 
bromobenzene, when equal molecules of mercury phenyl and 
bromine dissolved in carbon disulphide are brought together. 
It crystallizes from a hot mixture of alcohol and benzene in 
glistening rhombic scales melting at 275° — 276°.* 

Phenyl mercury iodide, CgHgHgl, is prepared in a similar way 
to the bromide, and also forms rhombic scales melting at 265° — 
266°. Sodium amalgam decomposes it into mercury, mercury 
phenyl, and sodium iodide. 

Phenyl mercury nUrcUe, CgHgHgNOg. This body is prepared 
by boiling the chloride with alcohol and silver nitrate. It is 
insoluble in water, but dissolves slightly in cold and readily in 
boiling alcohol and benzene, crystallizing in fine rhombic tablets 
jK)ssessing a silky or pearly lustre. 

Phenyl mercury carbonate, (CgHgHg)2C03, is obtained by the^ 
action of silver carbonate on the chloride. It crystallizes in 
small white needles slightly soluble in boiling water, readily so 
in alcohol. 

Phenyl mercury cyanide, C^HgHgCN. This is formed when 
mercury phenyl is heated with mercuric cyanide and alcohol 
to 120°. It crystallizes in long, glistening, rhombic prisms, 
fusing at 203°— 204°. When heated to 120° with strong hydro- 

1 Otto, Jmim. Prakt. Chem. [2], i. 179. 
« Ibid. i. 186. 



372 AROMATIC COMPOUNDS. 

chloric acid, it decomposes into benzene, formic acid, sal-ammoniac, 
and mercuric chloride, whilst when heated with alcoholic potash 
it yields mercury, benzene, and potassium cyanate : 

CeH.HgCN + KOH = Hg + C,H^ + CNOK. 

Phenyl inercury formate, CgHgHgCHO,. When mercury phenyl 
is heated with concentrated formic acid this compound is pro- 
duced together with benzene. It crystallizes on cooling in small 
plates having a vitreous lustre, and fusing at 171^ 

Phenyl mercury acetate^ C^HgHgCjjHjOj, is obtained in a 
similar way, and crystallizes from boiling water in small, oblique, 
rhombic prisms having a vitreous lustre, which are usually 
grouped in star-shaped masses and fuse at 148" — 149**.^ It 
is also easily prepared by boiling phenyl mercury iodide with 
silver acetate or by heating mercuric acetate with mercury 
phenyl and alcohol to 120'' (Otto). 

Phenyl mercury myristate, CgHgHgCj^H^Og, is formed when 
equal molecules of mercury phenyl and myristic acid are heated 
with alcohol to 120". It is deposited in rhombic scales possessing 
an imctuous touch. 

* Otto, Jaum. Praki. Chem, [2], i. 186. 
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ACETANIUDE, 210 

Acetanilide hydrochloride, 211 
Acetonephenylhydrazine, 284 
Acetic acid, 13 
Aceto-guaiacol, 136 
Acetonequinol, 151 
Acetylamidophenol, 247, 249 
Acetylmethyianilide, 211 
AcetylparamaTnidobenzene, 243 
Acetylphenylhydrazide, 281 
AcetylthioJiphenylamine, 263 
Acid calcium pheDylbcrate, 364 
Acid calciam phospheuylatc, 347 
Acid derivatives of phenylhydrazine or 

phenylhydrazides, 281 
Acid diazobenzene sulnhate, 25, 265 
Acid ethyl phosphenylate, 847 
Acid mauveine carbonate, 324 
Acid phenol ethers, 21 
Acid phenyl phosphenylate, 347 
Acid silver phenyl borate, 364 
Acid sodium phosphenylate, 347 
Acid-yellow, 307 
Aeide ehlorophinesiquef 113 
Aeide ehlorpheiiusiquc, 114, 115 
Acorn sugar, 193 

Additive products of the aromatic com- 
pounds, 16 
Aldehydes of aromatic ozyacids, 32 
Allylb«meene, 12 
Amido compounds, 22 ; converted into 

acids, 31 
Amido-acetanilide, 243 
Amido-amylbenzene, 23 
Amido-azobenzene, 27, 306 
Amido-azobenzeneaceto-ace tic acid, 290 
Amido-azobenzeno hydrochloride, 807 
Amido-azobenzenesuiphonic acid, 307 
Amido-azophenylene, 62, 239 
Amidobenzene, 22, 195 
Amidobenzenesulphonic acids, 236 
Amidobenzoic acia, 34, 41 
Amidobiomotoluene, 60 
280 



Amidocatechol, 252 

Amido-derivativcs of benzene, 195 

Amido-derivatives of (juinone, 255 

Amido-diazobenzene-comi>ounds, 270 

Amido-diazobenzenimide hydrochlo- 
ride, 271 

Amidodi-imidoresorcinol, 253 

Atnido-dimethylquinol, 253 

Amido-diphenylamine, 243 

Amido-diphenylimide, 806 

Aniido-dracylic acid, 34, 41 

Amido-ethylbenzene, 23 

Amidohydroxybenzencs, 252 

Amidomesitylenc, 46 

Amidonitrodihydroxyquinone, 255 

Amidonitrotctrahydroxyl)enzene, 255 

Amidonaphthalene, 39 

Amidophenol, 43, 247 

Amidophosphenylic acid, 348 

Amidopyrogallol, 254 

Amidoresorcinol, 252 

Amidotetrahydroxybenzenes, 255 

Amidothiodiphenylamine, 261 

Amidotoluene, 10, 22, 50 

A midotrihydroxy benzenes, 254 

Anilidohydroxyf^uinono, 258 

j3-Amimidothiodiphenylimide, 338 

Ammonium isopnrpurate, 126 

Ammonium nitrite, 63 

Ammonium picramate, 250 

Ammonium picrate, 124 

Amylaniline, 23 

AnilpyrotarUric acid, 214 

Anilacetic acid, 214 

Anilides, 209 

Anilidodihydroxyquinonanilide, 258 

Anilidohydroxyqmnonanilide, 257 

Aniline, 22, 195, 306 : manufacture of 
197 ; properties, 199 

Aniline black, 315 

Aniline converted into phenol by nitrous 
acid, 25 

Aniline, halogen substitution products 
of. 226 

Aniline hydrochloride, 27, 200 
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Aniline nitrate, 200 

Aniline, nitro-substitution products of, 

232 
Aniline oxalate, 200 
Aniline phenate, 201 
Aniline pink, 821 
Aniline purple, 819 
Aniline salts, 200 

Anilines, secondary nnd tertiary, 201 
Aniline sulphate, 200 
Aniline yellow, 806 
Anisic acid, 42 
Anisol, 106 
Anthracene, 60 
Anthracene oil, 70 
Anthranilic acid, 34, 41 
Antimony derivatives of benzene, 863 
Arbutin, 149 
Aromatic acids, 80 
Aromatic alcohols and acids, 29 
Aromatic bodies, characteristic proper- 

tius of, 8 
Aromatic bodies, Kekuld's theory of 

the constitution of, 6 
Aromatic compounds, 3, 34 ; additive 

products of the, 16 
Aromatic grou]), isomerism in, 7, 33 
Aromatic hydrocarbons, 10, 15 ; deriva- 
tives of, 16 ; fonuation of, 13 
Aromatic nitriles, 31 
Aromatic oxyacids, 32 
Aromatic scries, orientation in the, 36 
Arseudiphenyl chloride, 861 
Arsendipheuyl oxychloride, 362 
Ar8endii)henyl trichloride, 362 
Arsenic derivatives of benzene, 359 
Arsenobenzene, 863 
Arsenphenyl bromide, 360 
Araenpheuyl chloride, 859 
Areenphenyl iodide, 860 
Arsenphenyl oxide, 360 
Ar^nphenyl oxychloride, 860 
Arsoni^lienyl tetrachloride, 360 
Asymmetric diamido-azohenzenc, 809 
Asymmetric ethylphenylhydi'azine, 29, 

278, 279 
Asymmetrical diphenyl urea, 223 
Azoamidobenzene, 62 
Azobenzone, 24, 290 
Azobenzene aceto-acetic acid, 289 
Azobeuzene aceto-acetic ether, 289 
Azolwnzone dimethylketone, 289 
Azobenzenedisnl phonic acids, 294 
a-Azol)onzencdisulphonic acid, 294 
/3 Azobcnzenedisulnhonic acid, 294 
Azobenzene dlsulpuonic chloride, 294 
Azobenzene, hytlroxy- and amido-deri- 

vatives of, 300 
Azobenzeneuitrolic acid, 293 
Azo-azobenzeneresorcinol, 306 
Azol>cnzene, substitution products of, 

292 
AzolKjnzenosulphonamide, 294 
Azobenzenesulphonic aoid, 294 



Azobenzenesulphonic chloride, 2M 
Azo-colours, 24 
Azo-compounds, 24 
Azo-derivatiYcs of benzene, 288 
Azodibenzenephenylenediamine, 818 
Azodiphenyl blue, 318 
Azo-dyes, 800 
Azohydroxybenxene, 290 
Azo-imidobenzene, 270 
Azophenine, 814 
Azophenylethyl, 288 
Azophenylnitro-ethyl, 28, 288 
Azophenylnitro-propyl, 288 
Azophcnylnitro-iflopropyl, 288 
Azoresorcin, 176 
Azoresorufin, 178 
Azoxybenzene, 295 ; substitution pn»- 

ducts of, 297 
Azurine, 816 
Azylinos, 28, 811 



B. 



Barium benzenesulphonate, 95 
Benzaldehyde, 11, 62 
Bengaline, 813 

Benzene, 11, 13, 15, 64 ; constitution 
of, 52 ; history of, 64 : sources of, 
66 ; manufacture, 68 ; distillation of, 
71 ; stills, 73 ; purification, 74 ; pro- 
perties, 75 ; colour, ib. ; reactions, 
77 
Benzene, additive products of, 73 
Benzene, amido-derivatives of, 195 
Benzene, antimony derivatives of, 363 
Benzene, arsenic derivatives of, 359 
Benzene, boron derivativis of, 363 
Benzene, bromine subdtitution pro- 
ducts of, 84 
Beuzene, chlorine substitution pro- 
ducts of, 80 
Benzeuedisazobenzeneresorcinol, 806 
Benzenedisulphonic acids, 96 
Benzene, fluorine, substitution products 

of, 88 
Benzene group, 64 
Benzene hexchloridc, 78, 79 
Benzene hexhydride, 78 
Benzene, iodine substitution iiroducts 

of, 87 
Benzene, mercury derivatives of, 870 
Benzenemetadisidphonic acid, 96 
Benzene, nitroso -substitution products 

of, 88, 89 
Bcnzeneorthodisul phonic acid, 96 
Benzeneparadisulphonic acid, 96 
Benzene, phosphorus derivatives of, 

843 
Benzene, silicon derivatives of, 865 
Benzenesulphiuic acid, 97 
Benzenesulphonamide, 95 
Benzenesulphonic acid, 10, 94 
Benzenesulphonio chloride, -95 
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Benzene, tin derivatives of, 867 

Benzene trichlorohydrin, 79 

Benzenetrisulphonic acid, 07 

Benzoic acid, 11, 12, 30, 76 

Benzonitrile, 81 

Benzoquinone, 155 

Benzotriqainone, 192 

Benzyl alcohol, 1 1 

Benzylamine, 10, 22 

Benzyl chloride, 10, 80 

Benzyl nitrate, 11 

Bleu-conpier, 813 

Bleu-noir, 813 

Boron derivatives of benzene, 863 

Bromaniline, from aniline, 41 

Broraaniliue, 85, 230 

Bromanilic acid, 163 

Bromine and iodine, substitution pro* 
ducts of quinone, 162 

Bromine substitution products of ben- 
zene, 84; of phenol, 115; ofquinol, 
152; of resorcinol, 141 

Bromobenzene, 51, 84 

Bromobenzoic acid, 41 

Bromodracylip acid, 41 

Broraonitranilines, 286 

Bromniti*obeiizenes, 41, 93 

Bromonitrophenols, 120 

Bromoquinol, 152 

Bromotolueue, 84 

Brown chloroquinol, 166 

Butylbeuzene, 11 



C. 



Carbakilamide, 222 

Carbanilic acid, 223 

Carbanilide, 222 

Carbamide, derivatives of the diamido- 
benzenes, 244 

Carbon dioxide, 13 

Catechol, 183, 138 

Catechol carbonate, 135 

Catechol derivatives, 137 

Catechol dimethyl ether, 185 

Catechol monomethyl ether, 184 

Catechol sulphuric acids, 135 

Cinnamio acid, 12, 32 

Cinnamic alcohol, 12 

Cinnamic aldehyde, 12 

Characteristic properties of aromatic 
bodies, 8 

Chloranil, 159 

Chloranilamide, 255 

Chloranil-anilide, 256 

Chloranilic acid, 161 

Chloraniline, 85, 228 

Chlorine substitution products of ben- 
zene, 80 ; of phenol, 113 ; of quin- 
hydrone, 165 ; of quinol, 151 ; of 
auinone, 157 ; of resorcinol, 141 

Chlorobenzoic acid, 84, 41 



Chlorobenzyl alcohol, 11 
Chlorobenzylamiue, 11 
Chlorobenzyl chloride, 11 
Chlorodianilidoquinone, 256 
Chlorodracylic acid, 84 
Chloronitranilines, 235 
Chloronitrobenzenes, 93 
Chloronitrophenols, 120 
Chlorophenol, 43 
Chloroquinol, 151 
Chlorosalicylic acid, 84, 41 
Chlorosnlphonic acid, 19 
Chlorotrinitrobenzene, 125 
Chhrure de picryUf 125 
Chrysoidin, 809 
Chrysoidine, 68 
Chiysoidines, 801 
Chrvsoins, 801, 805 
Coal-gas, compounds from, 15 
Coal-tar, 65, 66 
Colouring matters from quinonozimes 

and phenols, 176 
Compounds of phenylhydrazine with 

aldehydes and Ketones, 283 
Compounds of phenylhydrazine with 

the cyanhydrins, 287 
Compounds of triphenylphosphine with 

the alcoholic iodides, 857 
Copper benzenesulphouate, 95 
Creasote oil, 70 
Cresol, 11 

Cresolmethyl ether, 21 
Croconic acid, 198 
Crotonylbenzene, 12 
Crude naphtha, 70 
Cumaric acid, 61 
Cumarin, 61 
Cumidine, 23 
Cyananilide, 220 
Cyananiline, 221 

Cyanogen compounds of benzene, 218 
Cymene, 16 



D. 



Dahlia, 824 

Derivatives of aromatic hydrocarbons, 

16 
Di-acctanilide, 211 
Diacetodinitroquinol, 154 
Diacetoquinol, 150 
Diacetoresorcinol, 140 
Diacetotetrachloroquinol, 160 
Diacetylazoresorufin, 179 
fi Diacetvldiamido-benzene, 62 
Diacetylhvdrazobenzene, 299 
Diacetylphenosafranine hydrochloride, 

826 
Diamidoazo-componnds, 63 
Diamidobenzene, 23, 44, 288 
Diamidobenzoic acid, 43 
Diamidodimethylquinol, 254 
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Diamidodisazobenzene, 810 
DiamidodiphenylamiDe, 244 
a-Diami(Iohydrazobenzene, 299 
j3-Diamidohydrazobenzene, 800 
Diamidomethylthiodipheiiylaminc, 268 
Diamidophenol, 251 
Diamidophenyl sulphide, 259 
Diamidoresoi'cinol, 252, 805 
Diamidotetrahydroxybenzene, 255 
Dianilidohydroxyqainone, 258 
Dianilidoquinonanilide, 257 
Dianilidoquinone, 256 
Dmzo-amidobeDzene, 268 
Diazoamido-componnds, 27 
Diazo-amidonitranisol, 273 
Diazoamines, 28 

Diazobenzene-amidobromobenzene, 269 
Diazobenzene argentoxide, 268 
DiazobeDzene aurichloride, 266 
Diazobenzene bromide, 264 
Diazobenzene chloride, 264 
Diazobenzene cyanide, 266 
Diazobenzone-dlmethylamine, 28, 269 
Diazobenzene disulphonic acids, 267 
Diazobenzene-ethvlamine, 28, 269 
Diazobenzene hydroxide, 268 
Diazobenzene nitrate, 25, 265 
Diazobenzene perbromide, 26, 264 
Diazobenzene picrate, 266 
Diazobenzene platinichloride, 266 
Diazobenzene potassoxide, 267 
Diazobenzenesulphonic acids, 266 
Diazobenzeniniide, 270 
Diazo-compounds, 24 
Diazo-derivatives of benzene, 263 
Diazohydroxybenzene compounds, 272 
Diazonitro-dihydroxyquinone, 273 
Diazonitrophenol anhydride, 273 
Diazopara-amidotoluene, 27 
Diazophenosafranino aurichloride, 326 
Diazophosphenylic acid nitrate, 348 
Dibasic isophtlialic acid, 31, 88 
Dibenzyl, 60 
Dibromauilines, 230 
Dibromazoresorcin hydrobromide, 177 
Dibromobenzene, 35, 41 
Dibromophenol, 116 
Dibronioquinol, 152 
a-Dibromoquinone, 162 
i8-Dibromoquinone, 162 
7-Dibromoquinone, 162 
Dibromo-quinonephenolimide, 831 
o-Dibromoresorcinol, 141 
/3-Dibromoresoi-cinol, 141 
Dichlorodiamidoquinone, 255 
Dichloranilidoquinone, 256 
Dichloraniliues, 229 
Dichlorobenzene, 35 
Dichlorobenzene hexchloride, 82 
Dichlorodihydroxyquiuouo, 161 
a-Dichlorophenol, 113 
/3-Dichlorophenol, 114 
7-Dichlorophenol, 114 
Dichloroquinhydrone, 166 



a-Dichloroqninol, 151 
/3-Dichloroquinol, 152 
Dichlororesorciool, 141 
Dichlorotetrahydroxy benzene, 162 
Dicyanorthodiamidobenzene, 239 
Dicyanphenylhydrazine, 280 
Diethyltmiline, 204 
Die thylaniline-azy line, 812 
Diethylbenzene, 14 
Diethyldiphenyltetrasone, 29 
Diethylene-aniline, 206 
Diethyl ether, 158 
a-Diethyl ether, 154 
jS-Diethyl ether, 154 
Diethylparadiamidobenzene, 243 
a-Diethylphenosafranine, 828 
jS-Diethylphenosafranine, 828 
Diethylphenylarsine, 361 
Diethyldiphenylphosphoniom iodide, 

854 
Diethylphenylhydrazonium bromide, 

278 
Diethylphenylphosphine, 350 
Diethylpbenylphosphine hydFochlo- 

ride, 350 
Diethylpbenylphosphine oxide, 851 
Diethylphenylphos|)honiiun chloride, 

350 
Diethyldiphenyltetrazone, 279 
Diethyl pnosphenylite, 845 
Diethyl styphnate, 145 
Dihydroxyanilidoquinone, 258 
Dihydroxyazobenzenes, 304 
Dihydroxybenzenes and related com- 
pounds, 133 
Di hydroxy azobenzene sul phonic acid, 

305 
Dihydroxybenzodiquinone, 192 
Dihydroxydiquinoyl, 192 
Dihydroxyphenyl disulphide, 136 
Dihydroxyquinone, 156 
Dihydroxytniodiphenylamine, 340 
Di-imidodiliydroxyquiuone, 256 
Di-iodobenzene, 35 
a-Di-iodophenol, 117 
/3-Di-iodophenol, 117 
Di-iodoqumone, 163 
Dimethylacetone, 169 
Dimethyl acetoxime, 169 
Dimethylamido-azobenzene, 808 
DimetbylanlLine, 202 ; manufacture of, 

205 
Dimethylaniline-azyline, 812 
Dimethylazyline, 812 
Dimethylbenzene, 11, 13, 14, 15, 38 
Dimethylcumidine, 23 
Dimethyldiphenyltetrazone, 278 
Dimethylphenylarsine, 861 
Dimethyl ether, 137, 153, 154 
Dimethylparadiamidobenzene, 242 
Dimethylparazo-aniline, 812 
Dimethylphenylene-green, 327 
Dimethylquinoltrimethylammoniom 

iodide, 254 



Dimethyl atjphnnte, H5 

Dimethyl thioDDliDc, Si2 
DimelhylloluidiDc, 23 
Dimethjlxylidine, £3 
B-DmitramidopheDol, SSO 
^Dinitmnidapheiial, 'iiO 
Dinitnnilinea, S34 
Dinittuiisiduie, Sf-O 
Dinitrobeniiinv, Si, 41, 91 ; cooling 

mppantiu, ib. 
a-Dinitrodihyilroxyqainour?, 168 
d-DiuitrodihydriMyquinoiif, 164 
DiniUohyilRixolieiiaeLe, 2B9 
a-Dia:trodi{ibtiiylanuiio aolplioxide. 



le Balpboxiila. 






2fla^ 

^- Dill itrod ipheny Ian 

DinitromeBityloiiB, tS 
Dmitrome t hy Idipheu y Uuii 

oiida, 263 
a-Dinitrophenol, 121 
A-Dlnitropheiiol, ISl 
T-Dinitropbcnol, 121 
I'Diuitrophmol, 121 
■■Dinitnipbenol, ISI 
Dmitrophmola, 121, 127 
DimtroqiuDal, 1B4 
Dimtroreaorcinol, 143 
Dimtronoresorcinol, 17S 
DinitTotolaene, 43 
DihydroKytMnzenes conTcrted into di- 

hjdroiy-Mids, S3 
Dioxythiodiphttnyliiniilo, 33B 
Dipbeuylacatamide, 211 
DiphenylHniiiie, SOfl 
Diphcnyluiiiilo ariil, 362 
DiphenylLenzene, SO 
a-DipheuylbitirEt, 280 
DipliBnyietbaiie, 60 
Diphenyl ether, 105 
DiphenyJctbylamue, 382 
Diphenyl ethyleuo ether, 107 
Diphenylforminiiide, 210 
Diphenjlxiuwidiue, 226 
Dipheuylbydnuine, 29, 279 
Dipbenylkctone, BO 
Diphenylinetodiainidolienzeiie, 241 
DiphcnylinetliBDe, BO 
Dipheuylmethylarsine, 392 
Diphenyl m^f1ivlH[,p ether, 107 
DiphBDyl oiiilp, 28 
DiphenylparadiaiiiidolienMne, 243 



T)i| 



109 



Dipheiijtphodiibnrifi cliloride, 110 
Dipbeayl pbotpboma chloride, 3G1 
Diphenyl phospborm triahloride, 351 
Diphenylsnlphone, 21, B7 
Diphenyl thiD-carWmide, 224 
Diphenylthio<»rbtuid«, 282 
Diphenyl thiowmicarliuzi lie, 2S3 
Diphenyl tin bromiJf, 36B 
IHpheLfl tin chloride, t67 



Diphenyl tin chloriodide, 368 
Diphenyl tin chlorobroraidB, 388 
Diphenyl tin di-ethyl ether, 869 
Diphenyl tin hyiiroiycldoride, 368 
Diphenyl tin oxide, 368 
Diphasphenyl, 3S9 
Dipbospbenylic si-id, 344 
Diphosnhobenzeni! hydroxide, 358 
Dipicrylamine, Z07 
Diresoroinol, 138 
Di-inbstitntioii prodncta, rbsracletiitia 

reactions of the, 61 
Di- substitution nroJntts of brniene, 

33 
Disulphonic kcidi, IS 
Dithio-acetamlide, 261 
Durena, 11 



EcBTOELB, 807 



Emi 



aldin. 



EtheoyUinido phenol, 247, S48 
Ethan yldiphenylBmidino, 217 
Ethenylinodiphenylamidine, 218 
Ethenylphenylamidine, 217 
Elhercal oils, hydrooarhona of, 19 
Ethereal nit* of phenyl with il. 

acids, 108 
Etheivol enlts of phenyl vith ornnic 

acids, 111 
Ethyl aldiilivde. 169 
Etbjl nMoxime, 169 
Ethyltniliue, 201 
Ethyll-enzene, 11, 11 
Ethyt benKenesulphouate, 95 
Ethyl carbiuiiUlc, 223 
Ethyl cbloranilale, 162 



Ethyl diphenylpboBphiniite. SfiS 
Ethyl dipbenylimoapliiue, 353 
Elhylene-uiiliue, 2' 






enylpboephoiiiii 
.niiio, 357' 
Ethyl ether, 89 
Elbyl ethers of pyro"iiIl"l, 183 
ElbyliKithiacetsnilide, 212 
Ethylmauvi,-!ne, 324 
EthyloiKuveine hydrochloride, 32S 
EChylincthyloniline, 204 
Ethyl orthoBilicoU'najate, 366 
Ethyl oianilatfl, 21E 
EthylpaiadUtni.lDhenzene. 213 
Ethyl [laminidophensb!, 173 
Ethylphenytlnrate, 361 
Ethyl phenjlglycoilttte, 112 
Ethyl phenylhyilnwinc componnds, 278 
Ethyl phenylsemirsrhazide. 2"" 



.Ipicrate, 125 
Eihvlthiodiphenylaniine, 263 
£thyl IbioiJuBaU, 131 
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F. 



Flavanilin'e, 211 

Fluorine, sabstitution products of ben- 
zene, 88 
Formanilide, 31, 209 
Formic acid, 75 
Furfurphenylhydnuine, 285 



G. 

Glycollic acid, 25 
Glycolylauilide, 212 
Glyoxalphenylhydrazine, 284 
Golden-oran^, 308 
Orinat soluble, 126 
Gris-Coupicr, 813 
Guaiacol, 134 



H. 



Halogen, substitution products, 16 ; 

of aniline, 226 ; of tne mononitro- 

phcnols, 120 
Heavy or dead oil, 70 
Helianthin, 242, 308 
Heptamcthyithiodiphcnylammonium 

ioiUde, 336 
Hexacetohydroxybenzene, 191 
Hcxbromazorcsoi'uiin hydrobromide, 

179 
Hexbromobenzene, 17, 86 
Hexbromopheuol, 116 
Hexbromoresorcinol, 142 
Hexchlorobenzcne, 17, 83, 160 
Hexcbloioqiiinhy drone, 166 
Hexhydrolinzene, 16, 78 
Hexhydiodiniethylbcnzene, 16 
Hexhydroniethylbcnzeue, 16 
Hexhydroxy benzene, 191 
Hexraethylbenzene, 11, 14 
Hexmethylorthodiphenylamraonium 

iodide, 241 
Hexmetbylparadiphenylammonium io> 

dide, 243 ■ 
Hexmethyltriamidotriphenylphosphine 

oxide, 358 
Hcxnitro-azoresorufin, 180 
Hexnitrodiphenylamine, 207 
Hexylbeiizene, 11 

Hydrazine derivatives of benzene, 274 
Hydrazines, 28 
Hydrazobenzene, 24, 298 
Hydrazobenzeue, substitution products 

of. 299 
Hydrazophenylethyl, 29, 278 
Hydrazoresorufin ether, 179 
Hydrocarbons in Baku petroleum, 16 
Hydrocarbons in Caucasian petroleum, 

16 
Hydrocarbons of ethereal oils, 16 
Hydrochloranilic acid, 162 



Hydrochloric acid, 14 
Hydroquinone, 35, 36, 39, 41, 43, 45, 

146 
Hydroxy- and amido-derivatives of 

azobenzene, 300 
Hydroxyazobenzene, 302 
a-Hydroxyazobenzenesulphonic acid, 

303 
/3-Hydroxyazobenzenesalphonic acid, 

303 
7-HydrozyazobeDzene8ulphonic acid, 

803 
S-Hydrozyazobenzenesulphonic acid, 

304 
Hydroxyb^nzenes and allied bodies, 99 
Hydroxyethylaniline, 206 
Hydroxyethylmethylaniline, 206 
Hydroxyphenylpropylene, 12 
Hydroxyphenylsul phone, 1 29 
Hydroxyquiuhydrone, 191 
Hydrozyquinol, 190 
Hydroxyquinol triethyl ether, 191 
Hydrozyquinonoxime, 176 
Hydroxysulphobenzidc, 129 



1. 



Imidothiodiphektlimide, 888 

Indigo substitute, 313 

Indoanils, 331 

Indonhenols, 329 

Induline hydrochloride, 314 

Induline, 6 B., 315 

Induhnes, water-soluble, and spirit 

soluble, 313 
lodanilines, 35, 231 
Iodine substitution ]iroducts of ben> 

zene, 87 ; of phenol, 116 ; of resor- 

cinol, 142 
lodobenzene, 17, 87 
loilonitranilines, 236 
lodonitrobenzenes, 94 
lodonitrophenols, 120 
lodoparanitrophenol, 120 
lodonhenol, 85 
a-Ioaorthonitrophenol, 120 
/3-Iodorthonitrophenol, 120 
Isobutyric add, 12 
Isodinitroresorcinol, 143 
Isomeric compounds, 35 
Isomerism in the aromatic group, 7, 

33 
Isopentenyldiphenylamidine, 218 
Isophthalic acid, 31, 39, 41, 45 
Isopurpuric acid, 126 
Isothionine, 338 



K. 



Eekul^'s theory of the constitiitioQ «f 
aromatic bodies, 6 
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L. 



Lacquer, 65 
Lauth*s white, 832 
Lanth's violet, 331, 332 
Lead picrate, 125 
Lead thiophenate, 131 
Leucodimethylphenyleue green, 827 
Leucodimethylthionoline, 342 
Lenco-iBothioninc, 338 
Lenconic acid, 193 
LeucoBafranines, 322 
Leucothionol, 841 
Leacothionine, 832, 836 
LeucotliioDoliue, 341 
Light oil, 70 



M. 



Mauc acid, 24 

Malonanilic acid, 21 5 

Manchester brown, 312 

Mauve, 819, 320 

Mauveine, 321, 823 

Manveine acetate, 324 

Mauveine and the safranines,' 318 

Mauveine hydriodide, 324 

Mauveine hydrobroinide, 324 

Mauveine hydrocliloride, 324 

Mauveine platinichloride, 324 

Melaniline, 225 

Mercuric acetanilide, 211 

Mercury derivatives of benzene, 370 

Mercury phenyl, 370 

Mesitylene, 14, 37, 38 

Mesitylcnic acid, 38 

MetaazolKiDzeuedisulphonic acid, 295 

Meta - azoxybouzenedlbulphoiiic acid, 

297 
Metabromanilinc, 230 
Mctabromanilino from broiiionitroben- 

zene, 41 
Metabromobcnzoic acid, 50 
Metabromonitrobenzenc, 45 
Metabromophenol, 115 
Metabromorthonitraiiiline, 236 
Metabromotoluene, 41, 45, 50 
Metachloraniline, 228 
Mctachloroparanitraiii'ine, 235 
Metachlororthonitmnilinc, 235 
Metachlorophenol, 113 
Meta-compounds, 35 
Metadiamidobcuzene, 44, 45, 62, 240 
Metadiamidobenzene hydrochloride, 

240 
Metadiazobenzenesulphonic acid, 267 
Metadibromanilines, 230 
a-Metadibromaniline, 230 
Metadibromazobenzene, 292 
Metadibromazoxybenzenc, 297 
Metadibromohydrazobenzene, 299 
Metadibromobenzene, 45, 86 
Metadichloranilines, 229 



Metadichlorazobenzene, 292 
Metadichlorazoxybeuzene, 297 
Metadichlorobenzene, 82 
Metadichlorohydrazobenzene, 2£9 
Metadichloroquinone, 158 
Metadihydroxyazobenzene, 805 
Metadihydroxy benzene, 188 
Metadi-iodaniliue, 232 
Metadi-iodazobenzene, 292 
Metadi-iodazoxybenzene, 297 
Metadi-iodobenzene, 88 
Metadi-iodohydrazobenzene, 209 
Metadinitro-azobenzene, 292, 293 
Metadinitrobenzene, 45, 92 
Metahydrazobeuzeuedisulphonfb acid, 

295 
Metahydroxydiphenylamine, 208 
Meta-iodaniline, 231 
Meta-iodophenol, 35, 117 
Meta-iodophcnol, from phenol, 41 
Meta-iodorthonitraniliue, 236 
Metamidobenzcnesulphonic acid, 237 
Metamido-diazobenzenimide, 271 
Metamidodiphenyl thiocarbamide, 246 
Mctamidophenol, 249 
Metamidophenyl hydrazine, 280 
Metamidothiopheuol, 260 
Mctanitraniline, 238 
Metanitrohenzoic acid, 42 
Motanitrotolueue, 41, 45 
Metanitrophenol, 119, 127 
Meta-oxybenzoic acid, 45 
Metatoluidine (liquid), 41 
Mctaphenol8iil[>houic acid, 128 
Metaphenyleuc caibamido. 245 
Metaphcnylene dicarbnmide, 244 
Metaphenylene dithiocarbamidc, 246 
Mettiphenylene-oxamic acid, 241 
Metuphosphoric acid, 346 
Metatoluidine, 45 
Metaxylene, 41, 45 
Methc'uylaraidoi)heno1, 248 
Mctlienyldipheuylamidine, 217 
Methyl amid o-azobcnzene, 308 
Mcthylaniliuc, 201 
Methylbenzenc, 10, 11 
Methyldiphenylphosphine, 358 
Methyldiphenylphosphine oxide, 353 
Methyldiphcnylaniine sul phone, 263 
Methylcne-azure, 342 
Metliylene-azure iodide, 342 
Methylene-blue, 333, 334 
Methy lenehexphenylphosphonium Io- 
dide, 357 
Methylene-red, 337 
Methylene-violet, 342 
Methylene-white, 334 
MethylisothiacetADilide, 212 
Methylmetauitrophenate, 1 19 
Methylortho-amidophenate, 248 
Methyl -orthonitropnenate, 119 
Methyloxybenzoic acid, 21 
Methylparamidophenate, 249 
Hethylparanitrophenate, 120 
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Methyl diphenylamine, 207 
Methylphenylethylalkine, 206 
Methylphcnylglycolamide, 214 
Methylphenylhydrazine, 277 
Methylphenylketone, 18 
Methylphenyltoluene, 60 
Methyl picraroate, 250 
Methyl picrate, 125 
Methylthiacetanilide, 212 
MethylthiodipheDylamine, 268 
Middle oil, 70 
Monobasic tolaic acid, 18 
Monobenzenfsulphonic acid, 94 
Monobromobenzene, 84 
Monobr«mophenol8, 115 
Monobromoquinono, 162 
Monochlorobenzene, 80 
Monochlorobenzene hexchloride, 81 
Monochlorophenols, 113 
Monochloroquinone, 157 
Monochlororesorcinol, 141 
Monochlorotoluene, 10 
Monofluobenzenc, 88 
MoDO-iodobenzene, 87 
Mono-iodoresorciDoly 142 
Mono-iodophenols, 116 
Monomethyl ether, 153, 154 
Mononitro-azobenzene, 292 
Mononitrophenol, 118 
Mononitroresorcinol, 143 
Mononitrosoresorcinol, 175 
Monopheoylphosphoric acid, 109 
Mouosulphonic acids, 18 



N. 



Naphtha, 65 ; cnide, 70 
Naphthalene, 14, 16, 61 
Nigi-aniline, 317 
Nigrosine, 313, 315 
o-Nitramidophenol, 249 
jS-Nitramidophenol, 250 
7-Nitrainidopheiiol, 250 
Nitranilic acid, 163 
Nitranilines, 35, 43, 63, 233 
Nitranisic acid, 42 
Nitranisol, 119 
Nitro-amidobenzoicacid, 42 
Nitro-azobenzeno aceto-acetic acid, 

2i«0 
Nitro-azol)enzene dimethylketone, 290 
Nitro-azobenzenenitrolic acid, 293 
Nitrosobenzeue, 88 
Nitrobenzene, 89 ; light for blue or 

black, 90 ; heavy for red, ih, 
Nitrobenzenesulphonamides, 99 
Nitrobenzenesulphonic acids, 98 
Nitrobenzenesulphonyl chlorides, 99 
Nitrobenzoic acid, 34 
Nitrobromobenzene, 85 
Nitrobromotolucme, 50 
Nitrobromotoluidine, 50 
Nitrocatechol, 136 



Kitro>chlorobenzene, 85 
Nitro-creaol, 11 
Nitro-iodobenzene, 85 
Nitromesitylene, 46 
Nitronaphthaleue, 88, 89 
Nitrophenol, 10, 20, 48 
Nitrophloroglncinol, 188 
Nitrophcsphenylic acid, 848 
Nitrophtaalic acid, 88 
Nitropyrogallol, 185 
Nitroquercitol, 194 
Nitroqninol, 153 
Kitroquinone, 163 
Nitrosomethylaniline, 22, 202 
Nitrophenols, 118 
Nitrosophenols, 170 
Nitrosophenylhydrazine, 277 
Nitrofio-snbstitution products of ben- 
zene, 88 
Nitro-substitution products, 18 
Nitro-substitution pix>duct8 of anilinef 

232 
Nitro-substitution products of benzene, 

89 
Nitro-substitution products of phenol, 

118 
Nitro-substitution products of quinol, 

153 
Nitro-substitution products of quinone, 

163 
Nitro-substitution products of lesorci- 

nol, 143 
Ni trosotetramethylmetadiamidoben- 

zeno, 241 
Nitrosyl sulphate, 171 
Nitrotoluene, from toluene (liquid), 

41 
Normal ethyl phosphenylate, 847 
Normal calcium phosphenylate, 847 
Normal phenyl phosphate, 110 
Normal phenyl phosphenylate, 847 
Normal sodium phosphenylate, 347 



O. 



Oenanthoi.phenylhydrazine, 284 
Oil, light, 70 ; crude, ib. ; heavy, ib. ; 

creasote, ib. ; anthracene, ib. 
Orange N., 809 
Orange 111., 308 
Orange IV., 309 

OrientAtion in the aromatic series, 8C 
Orthamidodiphenyl thiocarbamide, 246 
Orthamidobenzene sulphonic acid, 237 
Ortho-amidophenol, 247, 260 
Ortho-anisidme, 248 
Ortho-azophenol, 805 
Orthobromaniline, 230 
Orthobromonitrobenzene, 45 
Orthobromoparanitraniline, 286 
Orthobromophenol, 115 
Orthobromotnluene, 45 
Orthochloraniline, 228 
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Orthochlororoetanitraniline, 235 
Orthochloroparanitraniline, 235 
Orthochlorophenol, 113 
Ortho-comDounds, 85 
Orthodiamidobenzene, 43, 45, 62, 238 
Orthodiamido benzene hydrochloride, 

238 
Orthodiainidoi)henyl disulphide, 261 
Orthodiazo])henoI chloride, 272 
Orthodibromaniline, 230 
Orthodibromobenzene, 45, 85 
Orthodichloranilines, 229 
Orthodichlorobenzene, 82 
Orthodihydroxy benzene, 133 
Orthodimethoxyauilidoquinone, 259 
Orthodinitrol)enzcne, 45, 92 
Orthodi iodobenzene, 88 
Orthodihvdroxybenzene, 43 
Orthohvdroxy phenyl hydrotulphide, 

136, 137 
OrthohytlroxTpbenTlmeroipUn* 137 
Ortho-iodojiannitrmniline, 236 
Oitho-iodophenol, 117 
Ortho-iodaphenol, from phenol, 41 
OrthonitraoiliDe, 63, 2.^3 
Onhonitro-azoxTbcruzese, 297 
Orthonitrophenol, 63, 119, 127 
Orthanitrot/fluen«, 42, 45 
Orthopheiiol saliihouic M.-id, 12^ 
C>nho{»henTl*fXi« euioniidt, 245 
Orthopbenykiie dicarbam^, 214 
Orthopfatnykzi*: thi<>-carbaiui^i«y 2^6 
OrthopLospLojie Mid, M6 
OrthoiUfjtdc v.'ic^ 49 
Onboi^o:iiidi2*«. 45 
OnlM>:o*imdiikf: -a'JTdd . 41 
OrtboxT^ietz'ji'.- arj-a. J2 

rutLvx} 1*0**. <j- 45 

Oiati.i'. ii*.-i„ 11^ 
OxKi;':iV. i':4 

<l»rr'»*'i-M,. a.-,'. ^ *4, jtv. 4; 



?'u*v-KZ* •.^-rje»n^';wjui}»'jvti«* fc»:«t. 2!l'( 



■ »i 






Parachloraniline hydrochloridit, 2UU 
Parachlorophenol, 113 
Parachlororthonitmnilinn, 235 
Para-RomiN)undM, 36, 36 
Paradianndo-azolMinxeni*, 310 
ParadiaiiiidolxinzfUH, 45, 241 
ParatiiainidobeuztiUd liydroohloriditf 

242 
Para<lianiido^)h(!nyl dimilplilde, 261 
Paradiazo>aniHol uitnito, 273 
Panuliazobenz<;ni!«tilplioiii<; iu:ii\, 267 
PanMiiazopheuol chloridr, 272 
Paradiazophouol nitraiit, 272 
Panul i brotiian i li nn, 230 
Para<libroinazo^>«ffijE«;fM, 292 
Parafliliroma7/ixylM'nz<;it4<, 297 
Paradibroiiiolj«nx«;u«t, 43, 45, M5 
Parmd i brornoh vd rfO^Amuutiiti, TJ'J 
ParafJichloraniliri^, 229 
ParadjchUiniJSobefiz«;ti«, 292 

Vuiuikhi fjtf A jtstix^tt^f hi 
yurm/MtloroUyitikX/AMrti/mitt, 299 
J'anui ii. hlof'^l uui'm*!, 1 57 
Parsdihydrox V \ifntMUH , \ 46 
y*rviiMiiZ/AMruxAtu*t 292 
PaiiMii i*AMx/jxy^it!iizrut!f 297 

yurwl'i'UAf/hv'inx^Aft'itXffti*', 299 
yvnAiiiitAhyhiUt'yi't'Umt^A, 249 
Pam^Jjfjjlr>'«i/^U'jiiZrfi*', 2>2 
yiinAUnXT*AjfffiX^tti0i, 45, 99 

Para-v^laiii'fju*:, 2^5. 2'^ J 
yun.yA*r,A.0^A, ^5, 4J, ]J7 
f'am^y^^vrtiKotjUioi.jjfi*', ^'^-^ 
FarauJdyl«u>'iiit4u^/'^;jju«1.i. V jj^uilj jm, 

I'arati.'Vfvji^.'J^^ ^^. Tti 

yUtlHii M '^-UJS^^I yx^rUMttM , 2V7 
yw^Aii'.t^^ltrtfj. . , . > . , , V, , iff 









Puitotoidme (solid], (I 
Pwuylene, 84, <1, 45 
Puun-imliiie, SIO 
PentabrDnuuiiliiia, !31 
FeDt&bromobenEeiie, M 
Pentabroinoplieiiol, US 
PeDtatnomomoTcinol. 112 
PenU^onuiline, 229 
Penlschlarobemene, 83 
PsatHchlorobeiuidene Jicbtoridf, 17 
PcntacetoqiurciUil, 104 
PcntBchlororeBorcmol, 141 
PenConioClijlbeiuear, II, 14 
PentamtrDxyqiu^rcitol, 194 
PentylbetiMDi^ II 
Peiachloranililie, 23S 
Perbroniophenol bromiile, IIS 
Peidilorophenal, 114 
Perch lortip)] en a1 chloride, 115 
Perchlarophcii^leDii oiide, 115 , 
Petralenm, hydrocarbons in, 10 
PhenanthreOB, fll 
Phenstes, 104 
PheaolbidiszobenzcDi:, 301 
Phenol-blue, 330 
Phenol, SB; reaetumaot, 103 ; nsesof, 

104 
Phenol, chlorina lubslitntion products 

oF, lis 
Pbenoldiaulpbomc icidB, 129 



Phenjlsnudiaa, 21 A 
Phenylamido-uclie tdt , 
Pheajrlamido-SMbciMeik^ 9W 



Phenol ethcn, 20 
Phenolfilucosida, 107 
PhenolmonoBulphonic aciila, 128 
Phenol, nitro-BUbBtitutioa proJucla of, 

118 
Phenol potasidum, 105 
PhenoU, IS 
PhcDols, coloaring mutUrg from, 

ira 

Pheools, the colour reoctiolu, 21 
PhODOlaulphonic itcid, 10 
Phouobul phonic acid, 20 
Phenol, sulphnr compoaods of, ISO 
Phf noitriralphanic acid, 129 
Phcnoquiuone, 1Q7 
Phenosafmnine, 323 
Pheno!U.CraninB hydrocbloKde, 322, 

3sa 

PhenoxydiphenjlmothylphoBiihonium 

iodide, 854 
Fhenoxydiphflnylphosphinr, 3S4, 35t 
FJenoiydipheDylphoaphiiie oxide, 354, 

8fi3 
Phsnoiydiphanjlphosphina snlphid-, 

354 
Phenyls ceUmide. SIO 
Phenyl aocUte, 1 1 1 
PlionyUcryUHohyde. la 
Phony lacry lie (tcid, 12 
Phenyl alcohol, 10 
I'henylallTl alcohol, 19 
Fheoyl allyl ether, 107 



Phenyl sniyl ethnr, 107 
PbenylimiltDe, S06 
Phenylsrsinic add. S«0 
Pheuylaioreiorcinol. SOS 
PhiinylbenzaldehydiDe, S2 
PhenylbanzcDC, 60 
Phenyl betunamide, 213 
Phenyl betsine, 21S 
Phenylborie add. 364 
PhenylboMii chloride, 3S3 
PheaylboroD oxide. 864 
PhenylbatyUne, 13 
Phenyl carbamatt^ 110 
Phenyl carbamidea, 223 
Phenyl carbamine, 218 
Phenylcarbanilate, 2-'8 
PUenylcarbimide, 219 
Pheoylcsrbimide bydrccllloridtf, 216 
Phenyl carbonate, 110 
Phenyl cbloracetatc. 111 
Phenyl cyutaniide, 220 
Phenyl cyannnnitdc, 220 



Phenyl dimethyl carbinol, 20 
Phenyl dipheuylphotphinate, 3S4 
PhenyldiBasoresorcinol, 305 
PheoyI dijulphidB, 133 
Phenylene-brown, 63, 812 
Pheuylene carbamides. 245 
Phenylenediamine, 23, 35, 41, 4S, 

238 
Phcoyl etherg. 105 
Phenyletliyl alcohol, 39 
Phenyl ethyl cnrboiMte, 110 
I'lienyl ethylene, 13 
Phenylethylene ijlycol, 30 
Phenyl ethyl ether, 106 
Plicnylfarmumide, 31 
Phenyl gal actosaxone, 28S 
Phenylglncouloae, 386 
Phenyl Blycerol, 80 
Phenylglycocol^ 313 
Phenylgty collie acid. 111 
Phenylgnanidinaa, 225 
PhenylhydrazidaMlie acid, 284 



B-Phenylbydraddoiiroprionitril, 287 

B-Phenylhydrazido-iaobalyTonitril, S8S 

Phenylhydradne, 275 

— ■■ ■ ■ eacelo-acatic acid, 285 
e KlyoxyUc add, 284 
e hydroehloride, 38, 



Phenylhydrs 
Phenyl by druiio 
PJietiylhydruiu 

275, 279 
Phenyl hydruin 
Phenylhydraziu 
Pbeaylhydnzin 
Phenylhydnuin 



Isevnlinic acid, S8S 
mesoxalic aciil. 284 
oxalate. 377 
phanylcarbaddo, SSI 



PhenylhydiBEiiie phenjltMocorbazide, PhoBphaailine, S49 

Pheuylhydraxine fknU, 277 
Fbenjlhyilnzine pyroraceiDic acid, 281 
I'hBnylliydnuiua i>ulphate, 276 
Phmylhydmrinesulpliouic add, 277 
Phenyl bydrosntphide, ISO 
Phanyliniido-Bi-iils, 211 
PheDyl-a-iiDidopropiouic odil, 211 
Fhenyl-fl-imiilobutyric atiid, 2H 
Phenyl isobutyl ether, 107 
Phenyl iaocy&Date, 21B 
Phenyl isocyanarato, 220 
Phenyl iaopropyl ether, 107 
Pbmyl-Iactic acid, 112 
Phcnyl-Iaclosazone, 2S6 
PhenylmaltoiaKinB, 2S7 
Phenyl jueivoty acetate, 372 
Phenyl mercury bromide, 371 
Pheoyl mercury carbonate, 371 
Phenyl mercury chloride, 371 
Phenyl mercury cyanide, 371 
Phenyl nercuiy formate, 372 
Phenyl mercury hydroxide, 371 
Rienyl morcoiy iodide, 371 
Phenyl merruiy niyriBtate, 373 
Phenyl mercury oitrate, 371 
. Pbeoylmethane, 10 
Pbenylmetbyl carbinol, 29 
Phenyl methyl ether, IDS 
Phenyl muMard-oil, 221 
Phenyl orthoformate. 111 
Phenyl orthothiofDrmate, 131 
Phenyl oxalate, 112 
Phenyl oxide, 105 
Fhenylphoaphiuc, 319 
Phenylphosjihoric chloride, 110 
Phenylplioapboniam iodide, 850 
PhenylyhospLonium plalinichloride, 

SCO 
Phenyl picnta, 125 
PhenylprspyUne, 12 
Phenyl propyl ether, 107 
PbinylHrmicarbiizide, 282 
PhtnyUlick acid, SflS 
PtienyldlicDn chloride, 365 
Phenylailicon ether, 366 
Phenyl succinate, 112 



Phenyl snlphide, 131 
PhunylRnlpharic acid, 108 
Pluwyltanriae, 206 
Ph«liyl thiacetate, 131 
Phenyl thio-earbamide, 22( 
Phenyl tiiio-carbimido, 221 
Phenyl thio-cyanate, 22t 
Phenyltolueni?, HO 
Phenyl tolylmethanc, 60 
Phenyl nrra, 222 
Phi Oram ine, 2.^3 
Phloramine hydrochloride, 2G3 
PhloToglncinot, 138, 18G 
PhloK^ucinol diethyl ether, 197 
PhloroKlneinol triethyl eti'er, 187 
FUeroglncinoltrioxime, 180 



I, 109 
Phosphenyl bromiile, 341 
Pboqibenylaus acid, 344 
Phosphenyl rbloride, 343 
Phoaphenyl oxvchloride. 311, S45 
Phosphenyl tetmohloride, 311 
Pliinphenylic acid, 346 
Pboephobeim'ue, 369 
PhoapbomideriTativeii ofbenzcne, S43 
I'hthalic acid, 3B, 39, 11, 45, 76 
Fhtllalio acids, coiutitation of, 48, 48 
Picramic acid, 2B0 
Picramide«niliiie, 335 
Picramide-diincthylanjline, S3S 
PicTBtea, 121 
Picric acid, 132 
Picrocyamic acid. 126 
Picryl chloride, 126 
Pioryl Hiilpbide, 133 
Potagsium azobeuieDftnilpbonate, 261 
Potasaium chloranilate, 102 
Potassium diazobenEeoeaulphonate, SOS 
Potassium nitranilate. 161 
Potoaaium irapicramate, 251 
Potassium ixopurpurato, 12S 
Pataasinin penhloroplienate, 115 
PotAsiinm plteuato, lOS 
Potaaiinm picramate, 3S0 
Poljtsaium picrale, 121 
PotasMum gnaicate, IBS 
I'otaBainm quinoldisolpbonate, 161 
Pota&Kinm quiuoDoximate, 172 
PotasEium talt of dichloroquinoldi- 

sulphoiiic acid, 100 
Potassium salt of pheaylbydruane- 

eulphonic acid, 28 
Potaaaium Bait of thiochranic acid, 161 
Propidencphenylhydtaiinp, 281 
Propylbenienc, 11 
Propylmethylbenzene, 16 
PsFiidomauTeine, 321, 325 
Psendomaa veins hydrochloride, SSB 
Psondothio- anil ine, 281 
Purporogaliin, 1S3 
Pyrocatechin, 35, 39, 41, 13, 46, 139' 
IVrogalloI, 181 
PyrogiUlol diethyl ethtr, 18S 
Pyropillol dimethyl ether, 183 
Pyrognllol mono-ethy! other, 183 
Pytogallwjiiinone, 183 
Pyrogallal tricthyl elber, 183 



QuBBciTOL, lea 

yuinhydrouo, 101; clilorine ai 

tion products of, 165 
QuinhydroDD dimethyl ether, 165 
Qulnhvdrones, conalitutiou of the, 167 



I 



Qoinol, lis 
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Quinol, chlorine substitution prodncts 
of, 151 ; bromine substitution pro- 
ducts of, 152 ; nitro-substitutiou pro- 
ducts of, 153 

Quinol derivatives, 151 

Quinol diethyl ether, 149 

Quinol dimethyl ether, 14S 

Quinol ethylcarbonate, 151 

Quinol ethyl ether, 149 

Quinol methyl ether, 148 

Quinonanilide, 256 

Quinone, 39, 63, 155 

Quinone, chlorine substitution products 
of, 157 ; nitro-substitution products 
of, 163 ; bromine and io<une sub- 
stitution products of, 162 

Quinone chlorimide, 173 

Quinone, constitution of, 169 

Quinone dichlorimide, 174 

Quiuonedioxime, 175 

Quinone tetrahydride, 168 

Quiuonetriozime, 189 

Quinonoxime, 170 
, Quinonoxime ethylcarbonate, 173 

Quinonoximes, colouiing matters from, 
' 176 

Quinonoximes or nitrosophenols, 170 



R. 



Rangoon tar, 67 
Resorcin, 35, 39, 41, 45, 138 
Resorcinol, 138 ; chlorine substitution 
products of, 141 ; bromine substi- 
tution products of, 141 ; iodine 
substitution pro<lucts of, 142 ; nitro 
substitution products of, 143 
Resorcinol blue, 180 
Resorcinolazobenzene, 305 
Resorcinol diethyl carl)onate, 140 
Resorcinol dimethyl ether, 140 
Resorcincldisazobenzene, 305 
a-Resorcinoldisozobenzene, 306 
j3-Resorcinoldisazobenzone, 306 
Resorcinol ether, 189 
Resorcinol indophane, 145 
Resorcinol monomcthyl ether, 140 
Resorcinolquiuone, 166 



S. 



Safranines, 821, 322 

Safranines, constitution of tlie, 329 

Salts of aniline, 200 

Salicylic acid, 32, 34. 39, 41, 45 

Silico-benzoic acid, 365 

Silicon derivatives of benzene, 365 

Silicoutetrai>henyl, 366 

Silicon tetraphenyl methane, 366 

Silicontriethylphenyl, 3C6 

Silver picramate, 250 



Silver picrate, 125 

Silver qninonoximate, 172 

Sodium acetanilide, 210 

Sodium chloranilate, 162 

Sodium phenate, 105 

Sodium phenylborate, 864 

Sodium picrate, 124 

Sodium qninonoximate, 172 

Styphnates, the, 144 

Styphnic acid, 127, 148 

Styrolene, 12, 14 

Substituted phenolsniphonic acida, 

129 
Substitution products of azobenzeno, 

292 
Substitution prodncts of axozybenzene, 

297 
Substitution products of hydrazobeuc, 

299 
Succino-succinic ether, 146 
Sulphanilic acid, 237 
Sulphate of phenyl, 108 
Sulphinic acids, 19 
Sulphonic acids, 18, 19 
Sulphonic acids, water and spirit 

solnble and azo-dyes, 302 
Sulphur compounds of phenol, 130 
Sulphuretted colouring matters, con- 
stitution of the, 336 
Sulphuretted colouring matters derived 

from amido-bases, 331 
Symmetric ethylphenylhydrazine, 278, 

279 
Symmetric diphenyl urea, 222 
Symmetric trimethylbenzene, 14 



T. 



Terephthalic acid, 34, 39, 41, 45 
Terpenes, 16 
Tetrabromaniline, 231 
Tetrabromobenzene, 17 
Tetrabromobenzenes, 86 
Tetrabromocatechol, 136 
Tetrabromophenol, 116 
Tetrabromophenoi bromide, 116 
Tetrabromoquinol, 153 
Tetrabromoquinone, 163 
Tetrabromoresorcinol, 142 
Tetrachloranilines, 229 
Tetrachlorobenzenes, 88 
Tetrachlorobenzenyl trichloride, 17 
Tetrachloromethane, 17 
Tetrachloroquinhydrone, 166 
Tetrachloroquinol, 152, 160 
Tetrachloroquinone, 159 
Tetra-ethylazyline, 312 
Tetra-ethylparazo-aniline, 312 
Tetra-ethylphenosafranine, 328 
Tetrahydroxyquinone, 192 
Tetrahydrazoresorufin, 179 
Tetramethylmetadiamidobenzene, 240 
Tetramethylazyline, 812 
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Tetramcthylbenzcne, 11, 14 
Tetramethyldiamidodiphenylamine, 

327 
Tetramethyl-leucothionine, 334, 306 
Tetramethylparadiamidobenzcne, 242 
Tetramethylparazo-aniline, 312 
TctramethylphenosafraniDe, 328 
Tetramethylthionine, 836 
Tetramethyltliionine chloiide, 334 
Tetramethylthionine hydroxide, 334 
Tetranitrodihydroxvbenzene, 127 
Tetranitroresorcinoi, 145 
Tetraphenylethane, 60 
Tetraphenylgnanidine, 226 
Tetraphenyltetrazone, 279 
Tetrapheuyl urea, 223 
Thiacetanilide, 211 
Thio-amido-compouuds, 259 
Thio-anilinc, 259 
Thio-aniline hydrochloride, 260 
Thio aniline oxalate, 260 
Thio-aniline sulphate, 260 
Thiocarbanilic acid, 224 
Thiocarbanilide, 224 
Thiodiphenvlamine, 261 
Thioformamiide, 210 
Thionine, 332 

Thionine hydrochloride, 332 
Thionol, 339 
Thionol hydrate, 341 
Thionoline, 341 
Thiophene, 75 
Thiophenols, 21, 130 
Thiopicric acid, 132 
Thioquinol, 151 
Thioresorcinol, 140 
Thioxanilide, 215 
Tin derivatives of benzene, 867 
Tin triethvlphenyl, 367 
Tolane, 60 
Toluene, 10, 15 
Toluic acid, 34 
Toluidine, 10, 22, 23 
Tolusafranine, 821 
Toluylene, 60 
Tolyl alcohol, 29 
Tolylene glycol, 30 
Trapaolin Y ; ; 00 ; 000 ; 301, 803, 

305 
Triacetohydroxyquinol, 191 
Triacetophloroglucinol, 187 
TriacetoT))rTogallol, 183 
Triacetyl-leucothionol, 840 
Triamidoazobenzene, 62, 312 
a-Triamidobenzene, 246 
/3-Triamidobcazene, 247 
Triamidobenzenes, 246 
Triami<lophenol, 251 
Triamidoresorcinol, 252 
TriamidotriphenylphoAphine oxide, 858 
Tribasic benzenetricarboxylic acid, 13 
Tribasic isophthalacetic acid, 18 
Tribromaniunes, 231 
Tribromobenzenea, 86 



Tribromohydroxyquinone, 191 

Tribromopheuol, 116 

Tribromophenol bromide, 116 

Tribromophloroglucinol, It 8 

Tribromopyrogallol, 184 

Tribromoquinol, 153 

Tribromoquinone, 163 

Tribromoreaorcinol, 141 

j8-Trichloracetylacrylic acid, 69, 169 

Trichloracetyldibromopropionic acid, 59 

" Trichloranilines, 229 

Trichlorobenzenes, 82 

Trichlorodimvthylanilenamidophenol, 
257, 330 

Trichlorophenol, 114 

Trichlorophenol-blue, 880 

Trichlorophloroglucinol, 187 

Trichloropyrogallol, 184 

Trichloroquinol, 162 

Trichloroquinone, 158 

Trichloroquinone chlorimide, 174 

TrichIoro<^uinone dimcthylanilenimide, 
257 

Trichlororesorcinol, 141 

Triethylbenzene, 14 

Triethylphenylarsonium iodide, 861 

Triethyl phenylphosphonium iodide, 851 

Triethyl phenylphosphonium hydrox- 
ide, 351 

Trihydroxybenzenes, 181 

Trihydroxyquinone, 157 

Tri-iodaniline, 232 

Tri-iodobenzene, 88 

Tri-iodophenol, 117 

Tri-iodoresorciuol, 142 

Trimethylbenzeue, 11, 14, 15, 37 

Trimethylhydroxyi)henylammoijium 
hydroxide, 248 

Trimethylortho-amidophenol, 248 

Trimethylparadiamidobenzene, 248 

Trimethylparamidophenol, 249 

Trimethylphenylammonium iodide, 204 

Trinitrauiline, 235 

Trinitranisol, 125 

a-Trinitro-azobenzene, 293 

jS-Trinitro-azobenzene, 298 

7-Trinitro-azobenzene, 293 

Trinitro-azoreaorcin, 178 

Trinitrobenzene, symmetrical, 93 

Trinitrohydrazobenzene, 299 

a-Trinitrophenol, 121 

jS-Trinitrophcnol, 126 

7-Trinitrophenol, 127 

Trinitrophenols, 121, 127 

Trinitrophenyl acetate, 125 

Trinitroquinol, 154 

Trinitroresorcinol, 127, 143 

Trinitrosophloroslucinol, 189 

Trinitrotnphenylphosphine oxide, 858 

Trinitrophloroglucinol, 188 

Triphenylamine, 208 

Triphenykraine, 862 

Triphenylaniiia ebloridAu SIKI 

Tripheiiylardp« 



TriphenyUniDe oxids, 363 
THplienflBniiie sulphide, 368 
Triphonylbeniene, 60 
TriphenjIethylpho9phoniomiodid«,S57 
■■TSi phony IgiianiciinB, 228 
0-Triphen^lRiiaiiidine, 326 
Triphenjlisobutylpbosphoniam iodide, 



SS7 

Ttiphenyliaopropylphraphouiain iodide, 

357 
TripheDylmeUminB, 220 
Triphenylmethanc, 60 
Triphony Imetby i phosphon 

857 

Tri phenyl phospliine, 355. 

Triphenylphosphi 

Tri phen jlphoiph j 

Tripheny 1 phosphi 

Triphenylphosphi 



TriphoaphoDylic add, SIS 
TriqniDoyl, 192, IBS 
Triaulphonic acids, IB 
Trithio-MieUnilide, 261 
Tropsolin, 213 
Tnipcolin D, SOS 
Tropraolin 00. 309 
Tropnalins, 301 



I iodide, Uviric ACtD, S 



I oxide, 355, 356 
I selenido, S3S 
_..,... , , , I aulphidE, 356 
T^pbenylatnylphosphoniuTQ iodirfe, 357 
TriphenylgihanphoiiiDm iodide, 355 
TripbeDylpropylphospboiiiiim iodide, 

357 
TriphenylBtibine, 363 
Triphenyl tin chloride, S69 
Triphenyl urea, 223 



Teratbol, 135 
VcsnTin, 312 
Tiolaniline, 814 
Violet bichlotuquinol, 16S 



Ykllow tiichloroquinol, ISS 
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**ThlB AnoDymons work is In the most oomprebenslve sente an ethical eaaay upon human Ufe 
In eoDoectlon with the order of nature. We wish we had space to give an adeqo^e idea of the 
number and importance of the spedflc topics that are trei^ed in the course of the eiqxMltion. 
Many of the larger and more urgent questions of the time are taken up, and, while considered 
in relation to the fhndamental principle which it is the object of the work to derelop, they are 
handled in a way that is ftill of snggestiTeness and ralnable instruction.**— 79k« Fopukar SHenee 
Monthlw. 

^ We commend it as a learned treatise, as an able and interesting study on a most difficult 
subject'*— iV«u^ Tark Herald, 

**The work is one of the most thoughtfhl, comprehensive, and suggestive of the many 
whidi of late years have treated of the vexed questions which come within its scope. Every 
one who would understand the trend of modem thought should read ItJ"" Chie<igo TUnei, 

**It is a thooghtTul and philosophical consideration of a great many important subjects, from 
the natural and physical environments of mankind on earth, to the social, industrial, sanltaiy, 
and moral questions that are now more and more everywhere thrusting themselves into promi- 
nence. If the reconciliation of the two great forces of Good and Evil is not here made complete 
to the understanding of every reader, the author can at least feel that he has come as near the 
mark as any one— and he has certainly presented a mass of very interesting Ikcts to the reader, 
the result of what must have been a lifetime of active study and thoughtftil observation.**— 
Harford Thnet. 

** A seml-religious work covering one of the most interesting fields of thought and observa- 
tion.**— i^nir York Christian Union. 

'^It shows the result of very wide reading and generally of intelligent thinking. The chief 
value of the work will be found in its rich and varied suggestiveneas, its blazing the line along 
a hundred pathways of thought in which reflective minds are beginning to grope their way.** — 
Botton Courier. 

*'The great range of the theme compelled the author to be relatively briet and this neoee- 
slty in its turn has obliged him to be concise and terse, and to carry on the discussion with a 
strict attention to its compact and logical presentation. His volume is divided into six parts, in 
which are successively treated *The Subject in History and Literature,* 'Considerations fl:om 
Science,* 'Historical Brevities illustrating Conflict,* 'Evil in Relation to the Necessary Condi- 
tions of Life,* and ' The Outlook, Social and Moral* The diflbrent questions which these titles 
suggest are elaborately discussed under appropriate heads with a clearness of language and a 
vigor of thought which can not ihil deeply to impress the intelligent and thoughtfiil reader.**— 
PMladelpMa North American. 

"* The author brings us to no Utopia, but he gives us a hopefhl and healthy view of what 
human life with all its pain and evil may attain. ' The higher the crest of the wave^ the deeper 
are the hollows between,* might be taken finom his own words as the motto of the work which 
he has given us. He deals with Ikcts and not with flmdes, and yet we thank him that, taking 
life as it is, he inspires us to believe in it and to work for it, and to make things better than ihey 
are. We commend the book to all who wish to think as well as nmL^—PiUe^urg Telegraph, 
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